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Abstract. The present study investigated (i) the relationship between standardised morphometric AgNOR parameters (argy-
rophilic nucleolar organiser region-associated proteins) and MIB1 growth fraction, and (ii) their correlation with immuno-
histochemical p53, sex steroid receptor status and histopathological differentiation grade in serial paraffin sections from 39
breast carcinomas. Ten sections were double-stained for AgNOR/MIB1. AgNOR parameters correlated significantly with
MIB1 growth fraction and p53 protein expression. Significant inverse correlation was found between proliferation markers
and oestrogen/progesterone receptor status and histopathological grade. AgNOR expression was significantly higher in cycling
(MIB1 positive) tumour cells, than in resting (MIB1 negative) ones, however with exceptions. We conclude, that standardised
AgNOR parameters correlate with markers of increased malignant potential in breast carcinomas. However, AgNORs seem to
reflect proliferation independent cellular and nucleolar activity of tumour cells, as well. We recommend the use of standardised
AgNOR analysis for obtaining sound results in routine paraffin sections.
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1. Introduction

Several recently published breast cancer studies involving many hundreds of cumulative patients data
report a significant relationship between increased tumour proliferation indices and poor clinical out-
come both in uni- and multivariate analysis [13,32,33,40,44]. One of the most commonly used method
for proliferation assessment in oncology is the immunohistochemical estimation of the growth rate in
histological material by using the anti-Ki-67 antibody [18] which reacts with a non-histone nuclear anti-
gen present in all phases of the cell cycle except G0 and early G1 [17]. The need for fresh frozen material
for such investigations has recently been overcome by the development of an anti-Ki-67 analogous mon-
oclonal antibody (MIB1) which can be applied on routinely processed tissues after citrate-mediated high
temperature antigen retrieval [3,8]. However, MIB1 staining and quantitation still requires standardisa-
tion.
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It should also be considered that labelling indices of any kind provide static, quantitative measures
of the actual amount of cells in the cell cycle and does not reflect the real dynamism of proliferation.
Other techniques, such as morphometric analysis of silver stained nucleolar organiser-associated proteins
(AgNORs) have been shown to yield more relevant information concerning time-related dimensions of
cell division [10,11,28].

AgNOR proteins play a fundamental role in the control of ribosomal RNA (rRNA) transcription and
processing and are defined as markers of “active” ribosomal genes. The close relationship between the
rate of cell proliferation and ribosomal biogenesis is well established. Several studies revealed a linear
correlation between AgNOR counts and the growth fraction (Ki-67 scores) in different malignancies
including that of the breast [12,19,20,22,36,43]. Our recent studies showed, that AgNOR parameters
represent highly significant and independent prognostic markers in several human malignancies [29,
30,34,35,42], including carcinoma of the breast [27], by using the recently standardised technique of
AgNOR analysis [25,26]. Initial studies indicate its predictive value in response to anti-tumour therapy
of colonic [31] and breast cancer, as well (data not published).

However, the main AgNOR proteins in nucleoli during interphase were found to be different from
those associated with ribosomal genes during mitosis [38] and interphase AgNORs were found to be in-
volved, besides proliferation, in other cellular activities, e.g., transformation, differentiation, as well [37].

The present study was designed to investigate (i) the relationship between dynamic and static markers
of proliferation, namely standardised morphometric AgNOR parameters and the MIB1 growth fraction,
and (ii) their association with established markers of differentiation (ER, PR-status, grade) and cell cycle
regulation (p53) in breast cancer. Our aim was to extend previous prognostic studies of our group and
investigate the potential biological background which underlies the highly significant and independent
prognostic value of standardised AgNOR parameters in breast carcinoma.

2. Materials and methods

Thirty nine invasive breast carcinoma specimens [31 of ductal and 8 of lobular differentiation, (8
grade I, 19 grade II, 12 grade III)] and 5 normal breast tissues for control purposes were retrieved from
the files of the Gerhard-Domagk Institute of Pathology, University of Münster, Germany. Tissue sam-
ples were routinely processed (fixed in buffered formalin and embedded in paraffin) and diagnosed on
haematoxylin-eosin stained sections. Histopathological grading of the tumours were carried out by two
pathologists (A.B., W.B.) according to the criteria described by Ellis and Elston [15]. The tissue samples
constituted a part of a previous prognostic study of AgNORs in breast cancer [27]. Eight serial sections
were prepared from each tissue block. An additional section was cut from 10 invasive carcinomas and
from the normal controls for double AgNOR/MIB1 reaction.

2.1. AgNOR staining and morphometric analysis

Two µm thick paraffin sections were layed and dried on xylene coated glass slides, dewaxed, and re-
hydrated through a series of graded ethanols according to routine protocols. Subsequently, sections were
immersed in citrate buffer (0.01 M sodium-citrate monohydrate, pH 6.0) and incubated in a Gössner auto-
clave [GLA 40–2 (bench-type)] at 120◦C for 20 min for protein retrieval. Silver-staining was performed
in a freshly prepared solution containing one part by volume of 2% gelatine in 1% formic acid and two
parts of aqueous silver nitrate solution for 25 min at room temperature as described by Öfner et al. [26].
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After thorough rinsing in distilled water, sections were dehydrated, cleared in xylene and mounted with
Vitroclud (all chemicals were purchased from Merck, Darmstadt, Germany).

The AgNOR content of at least 200 nuclei were evaluated in histologically identified areas at 400×
magnification at one focal plan – by one of the authors (K.J.Sch.) using a semi-automated image-
analysing system (Zeiss Axioscop microscope, JVC TK 1070E colour video camera, with a 80486 based
microcomputer equipped with a digitised board, and software application based on VIDAS release 2.5
from Kontron Elektronik GmbH, Germany). The area and number of AgNORs per nuclei were measured
simultaneously and are given as the mean; the area of AgNORs were calibrated toµm2. The respective
coefficients of variation (CV; defined as the standard deviation divided by the mean) were calculated for
each measurement. In normal control sections only luminal epithelial cells were evaluated. The AgNOR
analysis was in accordance with the recommendations of the ‘Committee on AgNOR Quantification’
within the European Pathological Society [2].

2.2. MIB1 immunostaining and labelling index (LI)

Section preparation, wet autoclave pre-treatment for antigen retrieval and immunostaining were per-
formed as described elsewhere [3]. In short: 10 min autoclave pre-treatment followed by overnight in-
cubation with the MIB1 antibody (1 : 500). The secondary immunoreactions were carried out by using
the APAAP method with subsequent Fast Red development. The MIB1 LI (percentage of MIB1 positive
stained cells of the total number of cells counted) was estimated by one of the authors (T.M.) by enumer-
ating at least 500 tumour cell nuclei at the most immunreactive parts of the tumours (at the advancing
tumour front). In control sections of normal breast tissues the MIB1 positive ratio was calculated in at
least 100 cells counted in the luminal epithelial cell compartment.

2.3. p53 immunostaining

The following primary antibodies were used: CM1, PAb1801, DO7, PAb240 (all purchased from
Medac, Hamburg, Germany). Optimal immunostaining conditions had been established for each antibody
in preliminary experiments [3]. For secondary immunohistochemical reactions the alkaline phosphatase-
anti alkaline phosphatase (APAAP) method was used. Enzymatic development was carried out using
a freshly prepared Fast Red solution. Omission of the primary antibodies served as negative controls.
Sections from a colonic carcinoma (containing genetically proven p53 alteration with p53 gene product
accumulation) were included as positive control. Immunoreactions were scored on the basis of integrat-
ing staining intensity and proportion of tumour cells stained on a 5 grade scale: negative, scattered, weak,
moderate, strong (Table 1).

2.4. Oestrogen and progesterone receptor immunostaining

The oestrogen and progesterone receptor status of the tumours were determined as previously de-
scribed by our group [5] by using the monoclonal antibodies 1D5.26 (Dianova, Hamburg, Germany) and
10A9 (Coulter/Immunothech, Hamburg, Germany), respectively, following wet autoclave antigen re-
trieval. Evaluation was carried out semiquantitatively similarly to p53 assessment. For statistical analysis
negative and positive groups were created.
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Table 1

Evaluation of p53, ER, PR immunoreactions

Strong Dark immunostaining in>50% of the tumour cells
Moderate Focal, dark immunostaining in 10–50%, or moder-

ate immunostaining in>50% of the tumour cells
Weak Focal, moderate immunostaining in 10–50%, or

weak immunostaining in any proportion of tumour
cells

Scattered Dark immunostaining of widely scattered tumour
cells (<10%)

Negative Tumours completely lacking immunostaining

2.5. Double staining for AgNORs and MIB1

For sequential double staining, MIB1 immunreaction and enzyme development was carried out as a
first step by using a high dilution (1 : 5000) of the MIB1 antibody for achieving better discrimination of
AgNORs in MIB1 positive cells. Subsequent to thorough rinsing of MIB1 stained sections in distilled
water, silver staining for AgNORs was carried out as described above.

2.6. Comparison of AgNOR content and immunohistochemical reactions in serial sections

AgNOR analysis was performed at histologically identical areas, namely at the advancing edge of
invasive carcinomas and in luminal epithelial cells in normal breast control tissues. MIB1, p53, ER and
PR assessment was also carried out at identical sites in serial sections.

2.7. AgNOR content of MIB1-positive (cycling) and MIB1-negative (non-cycling) tumour cells

The AgNOR content was measured separately both in MIB1-negative and MIB1-positive tumour cells
in double-stained sections. The colour monitor made it possible to distinguish between cycling and non-
cycling cells.

2.8. Statistical analysis

Statistical analysis was carried out using the SPSS 6.1 for Windows software. Descriptive statistics for
continuous measures are given as the mean with the respective coefficients of variation (CV). The relation
of AgNOR parameters between different groups were tested by the non-parametric Kruskal–Wallis test
and the Mann–WhitneyU test (whenever appropriate). Correlation between AgNOR parameters and
immunohistochemical reactions were analysed by using the Pearson correlation matrix.

3. Results

3.1. AgNOR analysis

In all specimens investigated, AgNORs were observed as well defined, clearly distinguishable black
dots within nucleoli following wet autoclave pre-treatment. The distribution of standardised AgNOR
parameters (mean AgNOR area and number per nucleus, respective CVs) is summarised in Table 2.
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Table 2

Standardised AgNOR parameters and MIB1 score in normal and carcinoma samples of the breast

Diagnosis n AgNOR parameters MIB1-score
Mean of area CV of area Mean of number CV of number Mean
(min–max) (min–max) (min–max) (min–max) (min–max)

median median median median median
Normal 1.71 0.30 1.33 0.42 1.6

(1.40–1.85) (0.21–0.37) (1.24–1.43) (0.40–0.44) (1–3)
1.77 0.30 1.32 0.43 2

ID 31 2.52 0.38 2.04 0.45 45
(0.43–5.59) (0.29–0.59) (1.33–4.31) (0.36–0.54) (1–78)

2.35 0.37 1.94 0.45 45
IL 8 2.17 0.36 1.67 0.44 12.4

(1.82–3.25) (0.30–0.43) (1.33–2.01) (0.37–0.49) (1–39)
1.95 0.36 1.75 0.42 12

All carcinomas 39 2.45 0.37 1.96 0.45 39
(0.43–5.58) (0.29–0.59) (1.33–4.31) (0.36–0.54) (1–78)

2.30 0.37 1.83 0.45 39

Abbreviations:n = number of cases, ID= invasive ductal carcinoma, IL= invasive lobular carcinoma, CV=
coefficient of variation, min= minimal value, max= maximal value.

Fig. 1. Appearance of AgNORs in normal breast epithelial cells following standardised AgNOR-staining (×400).

All 4 AgNOR parameters were statistically significantly related in the 39 invasive carcinomas mea-
sured. Statistically high significant correlation was found between mean values of AgNOR area and
number (R = 0.773), as well as between the CVs of area and number of AgNORs (R = 0.747). Mean
AgNOR values with their respective CVs were less significantly related or not at all (CV of area versus
mean of area:R = 0.483; CV of number versus mean of number:R = 0.211, respectively) (Table 3).

3.1.1. Normal breast tissue
Resting luminal epithelial cells contained 1–2 min AgNOR dots (Fig. 1). Mean values of AgNOR

parameters were as follows: area: 1.713µm2; number: 1.326; CV of area: 0.297; CV of number: 0.423.
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Fig. 2. High amount of AgNORs in an invasive ductal breast carcinoma of histopathological differentiation grade 3 (×400).

3.1.2. Invasive ductal carcinomas (ID)
Invasive ductal carcinomas were characterised by a statistically highly significant increase in the

amount of AgNORs compared to control normal samples (P < 0.001) reflected by all AgNOR pa-
rameters (Fig. 2).

3.1.3. Invasive lobular carcinomas (IL)
The statistically highly significantly increased AgNOR content of tumours compared to normal control

was reflected by both the mean and the CV of AgNOR number (P < 0.001 for both). A significant
increase of the mean AgNOR area has also been detected (P = 0.018).

3.2. MIB1 scores

Positive staining for MIB1 was evident in each section as a diffuse nuclear staining with accentuation
of the nucleoli and the condensed chromosomes in mitotic cells. Distribution of MIB1 scores in different
diagnostic groups is presented in Table 2.

3.2.1. Normal breast tissue
MIB-1 positivity could be detected only in very few luminal and basal/parabasal epithelial cells (mean:

1.6%; range: 1–3), myoepithelial cells remained consistently negative (Fig. 3).

3.2.2. Invasive breast carcinomas
Of particular note was the heterogeneous distribution of MIB1 positive tumour cells in a given tumour

showing accumulation at the most invasive peripheral parts of the carcinomas and diminished prolifer-
ative activity in the tumour core. The mean growth fraction of invasive carcinomas was 35.7% (range
1–78%). Generally, invasive ductal carcinomas revealed higher MIB1 scores than lobular ones. The dif-
ference between proliferation indices of normal breast epithelium and invasive carcinomas was highly
significant (P < 0.001).

3.2.3. Correlation between MIB1 labelling indices (LI) and AgNOR parameters
There was slightly and moderately significant correlation between MIB1 scores and the respective

mean AgNOR number and CV of AgNOR number parameters (R = 0.364 and 0.479, respectively)
(Table 3).
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Fig. 3. MIB1 immunoreactivity in normal breast epithelium (×250).

Table 3

Correlation between MIB1 scores, AgNOR parameters, ER-, PR-, p53 immunostatus and histopathological grade (Pearson’s
pairwise correlation)

Parameters Mean AgNOR CV of AgNOR Mean AgNOR CV of AgNOR MIB1-LI ER PR p53
area area number number

Mean AgNOR
area 1

CV of AgNOR
area 0.483

P = 0.00
Mean AgNOR

number 0.773 0.747
P = 0.00 P = 0.00

CV of AgNOR
number 0.012 0.392 0.211

n.s P = 0.01 n.s
MIB1-LI 0.281 0.309 0.364 0.479

n.s P = 0.05 P = 0.02 P = 0.00
ER −0.4728 −0.378 −0.5966 0.015 −0.5538

P = 0.02 n.s P = 0.00 n.s P = 0.00
PR −0.315 −0.246 −0.419 −0.2241 −0.789 0.717

n.s n.s P = 0.05 n.s P = 0.00 P = 0.00
p53 0.2527 0.4393 0.394 0.1861 0.3987−0.411 −0.289

n.s P = 0.01 P = 0.03 n.s P = 0.03 P = 0.06 n.s
Grade 0.183 0.2794 0.3955 0.4425 0.616−0.592 −0.711 0.408

n.s n.s P = 0.01 P = 0.00 P = 0.00 P = 0.00 P = 0.00 P = 0.03

Abbreviations:n = number of cases, ID= invasive ductal carcinoma, MIB1-LI= MIB1 labelling index, IL= invasive lobular
carcinoma, ER= oestrogen receptor, PR= progesterone receptor, CV= coefficient of variation.
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Fig. 4. Double staining for AgNORs and MIB1 in an invasive ductal carcinoma (×400).

Fig. 5. Statistical distribution of standardised AgNOR parameters in MIB1 positive and MIB1 negative tumour cells in 10
invasive ductal carcinomas investigated by double staining.

3.2.4. Correlation between AgNOR content of cycling (MIB1 positive) and non-cycling (MIB1
negative) invasive ductal carcinoma (ID) cells

MIB1 positive cells contained generally more AgNORs than MIB1 negative cells in a given tumour in
the group of 10 carcinomas investigated by double staining (Figs 4 and 5). There was a statistically highly
significant difference between AgNOR patterns of MIB1 positive and negative tumour cells reflected by
both the CV of area (Z = −3.326; 2-tailedP = 0.005) and the CV of number (Z = −2.495; 2-tailed
P = 0.013) (Mann–WhitneyU test), whereas the mean values of AgNOR number and area did not
differ significantly between cycling and non-cycling tumour cells (Z = −0.1891, andZ = −1.589,
respectively).
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3.3. p53, oestrogen (ER) and progesterone receptor (PR) immunohistochemistry

The immunoreactivity of p53 was considered to express p53 overexpression, if distinct nuclear staining
was present showing a reaction pattern of weak, moderate or strong with at least one anti-p53 antibody
used. Cases with ‘scattered’ p53 positivity were assessed together with the group of ‘p53-negative’ carci-
nomas. This corresponds to the classification used by several other workers taking 10% as a cut off value
for p53 overexpression. In control normal breast tissues no p53 immunoreactivity was found. In invasive
carcinomas, the reaction pattern of the 4 anti-p53 antibodies was almost identical with statistically highly
significant correlation (Pearson’sR: 0.61–0.93). Therefore, in the following we report on the reactivity
of the PAb1801 antibody. Invasive carcinomas revealed p53 overexpression in the present cohort of tu-
mours studied 5/39 (13%). p53 overexpression correlated significantly with increased mean AgNOR
number (P = 0.03), CV of AgNOR area (P = 0.01), high MIB1 LIs (P = 0.03), poor differentiation
grade (P = 0.03) and there was a trend to association with negative ER status (Table 3).

Similarly to p53 assessment, ER and PR immunoreactivity was considered positive, if distinct nu-
clear staining was present showing a reaction pattern of weak, moderate or strong. Cases with ‘scattered’
positivity were assessed together with the group of receptor negative carcinomas. ER expression was
significantly correlated with lower mean values of AgNOR area (P = 0.02) and number (P = 0.003),
smaller MIB1 LIs (P = 0.008), PR positivity (P = 0.000) and well-differentiated histopathologi-
cal grade (P = 0.005). PR expression was significantly correlated with lower mean value of AgNOR
number (P = 0.05), low MIB1 LI (P = 0.000), ER positivity (P = 0.000) and well-differentiated
histopathological grade (P = 0.000) (Table 3).

4. Discussion

Several recent studies have assessed ‘proliferative activity’ in breast cancer by analysing different pa-
rameters of tumour growth. Linear correlation was reported between the Ki-67 determined growth frac-
tion and the mitotic index [4], thymidine labelling index [23], S-phase fraction [16] and DNA ploidy [7].
Furthermore, significant relationship was found between the expression of interphase AgNORs and other
cell kinetic parameters, such as tumour doubling time, S-phase fraction and Ki-67/MIB1 immunoreac-
tivity [12,28,39], as well. Significant correlation has been reported between proliferation markers and
steroid receptor expression as well as histopathological tumour grade by many investigators [1,14,27,32,
39]. The results of the present study are in line with most of these findings and indicate that proliferation-
associated parameters (AgNORs, MIB1 growth fraction, p53 status) are inversely correlated with differ-
entiation markers (ER, PR, histopathological grade) in breast cancer. This supports the well established
view, that proliferating cells, or those with deranged proliferation regulation, usually do not differentiate
and, conversely, cells when differentiating, usually cease dividing.

An increased proliferation rate has also been directly related to poor clinical outcome in breast car-
cinomas [16,21]. In a recent study, in partial accordance with other researchers [1], we have shown the
independent prognostic value of standardised AgNOR parameters in this type of cancer [27]. However,
the underlying biological mechanisms are poorly understood as yet. It has repeatedly been experimentally
shown, that the amount of interphase AgNORs is linearly correlated to the cell doubling timein vitro [10,
11,28] and it is the only parameter so far, that allows estimation of the rapidity of the cell cycle in rou-
tinely processed histological sections.

To the best of our knowledge, the present study is the first approach to simultaneous assessment of
standardised AgNOR parameters and MIB1 growth fraction in serial and double-stained archival breast
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carcinoma sections. We found slight to moderately significant correlation between the MIB1 growth
fraction and standardised AgNOR parameters in partial accordance with other workers, who reported on
highly significant correlation [12,14,24]. It has to be repeatedly stressed, that previous AgNOR studies
varied very much concerning technical aspects of tissue fixation, processing, silver staining and quanti-
tation. Therefore the inter-laboratory agreement between results is poor.

We found by using standardised AgNOR analysis a significantly higher AgNOR expression pattern
(reflected by the CVs of AgNOR number and area) in the population of cycling tumour cells than
in resting ones, indicating an increased activity of protein synthesis in dividing tumour cells. Con-
versely, the actual amount of AgNOR proteins (revealed by the AgNOR mean area and number) was
not different. This finding highlights the significance of the use of CV values in AgNOR analysis in
keeping with recommendations of other researchers [9]. The occasionally higher AgNOR amount in
MIB1 negative cells compared to MIB1 positive ones may reflect transcriptional activity in mitoti-
cally quiescent cells (G0) or in cells at the beginning of the cell cycle (early G1). This may under-
lie the diminished correlation we found between AgNORs and MIB1 growth fraction. Although we
could clearly observe an enhanced MIB-1 staining of nucleoli within MIB-1 positive nuclei, reflect-
ing the specific reactivity of MIB1 with a non-histone nuclear protein, it did not hinder morphometric
AgNOR-analysis.

Intriguingly, a recent study on non-small cell lung cancer reports on the significant prognostic value
of AgNORs in Ki67 positive cycling tumour cells in contrast to the actual growth rate [6]. Our present
study on a small cohort of breast carcinomas allows no prognostic analysis but provides a sound me-
thodical basis for future investigations of this kind. However, AgNORs as pure proliferation markers
should be critically interpreted, since interphase AgNOR expression is likely to be influenced by other
transcriptional activities of a cell independent of proliferation as well, e.g., there is evidence that AgNOR
quantity can reflect the state of cellular differentiation [37] or it can be ‘inherited’ from the previous cell
cycle [41].

We conclude that breast carcinomas are heterogeneous with respect to their growth potential (MIB-
1 labelling indices) and growth speed (AgNOR expression), and proliferation-associated parameters are
inversely correlated with differentiation markers in this type of cancer. It remains to be elucidated how the
different growth-kinetic-phenotypes may predict therapy response of a given tumour and survival of an
individual patient. For such investigations standardised and objective methods in staining and evaluation
of proliferation markers are inevitable.
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