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Abstract
Nucleolar organiser regions (NORs),
which are important for regulating
protein synthesis, were identified in 20
breast carcinomas by means of a silver
(Ag) staining technique. Infiltrating neo-

plasms with metastases in four or more

axillary lymph nodes possessed, on

average, a greater number of AgNORs
per cell nucleus compared with neo-

plasms without nodal disease, or with one
to three positive lymph nodes. The size,
morphology, and distribution ofAgNORs
within the nucleus were also different in
the two study groups. Overall, these find-
ings suggest that breast carcinomas with
multiple, irregular, and widely dispersed
AgNORs tend to be of high grade malig-
nancy.
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Nucleolar organiser regions (NORs) are loops
of DNA that are responsible for ribosomal
RNA (rRNA) transcription.' They are located
in the nucleoli of cells and in the chromosomes
13-15 and 21, 22 in association with proteins.2'
As rRNA molecules are the main sites of
protein synthesis it follows that the number of
NORs in each cell nucleus reflects cellular
activity."

Nucleolar organiser regions can be readily
identified in paraffin wax sections by means of
a silver (Ag) staining technique (AgNOR)6:
they are visualised in the nuclei of cells as

brown/black dots by virtue of the argyrophilia
of NOR-associated proteins.7 These were

thought to include proteins B238 and C23,9
subunits ofRNA polymerase 1 ,10 and probably
other phosphoproteins. The function of these
molecules is still far from clear; they may partly
reflect ploidy," though an increase in ploidy
does not necessarily lead to an increase in
AgNORs in human tumours.'2'14

For years the AgNOR technique has been
used by cytogeneticists for the investigation of
certain genetic disorders, notably that of
chromosome 21 .' The recent modification of
the original method,6 however, became
increasingly applied in histopathology research
following suggestions that there may be a

possible association between high AgNOR
counts and malignant transformation.461617 In
this study we investigated the usefulness of the
AgNOR technique in assessing the aggressive-
ness in breast carcinomas.

Methods
Tumour tissue blocks from 20 mastectomy
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specimens were selected at random from the
files of the Department of Histopathology,
General Hospital, Alexandroupolis. All
specimens had been fixed in 10% formol-saline
and processed routinely through absolute alco-
hol and xylene before embedding to paraffin
wax (Paraplast). There were 14 infiltrating
ductal carcinomas (of scirrhous, medullary,
and mucinous variants), two infiltrating
lobular carcinomas, and four pure intraductol
cartinomas.
The breast tumours were divided into two

groups depending on the number of positive
lymph nodes at the time of surgery. The first
group comprised carcinomas in situ and infil-
trating carcinomas without nodal disease or

with metastases in up to three axillary lymph
nodes (eight cases). The second group consis-
ted of infiltrating breast neoplasms with meta-
stases in four or more lymph nodes (12 cases).
In every case at least 10 axillary nodes were

examined histologically.
The modified AgNOR technique, as des-

cribed by Ploton et al,6 was applied to paraffin
wax sections of 3 ,im. AgNOR counts were

performed blind and independently by two
observers, using a standard procedure'8: in this,
clusters of black dots within nucleoli are

counted as one AgNOR; black dots dispersed
throughout the nucleus are counted as discrete
AgNORs. The mean numbers ofAgNORs per

cell nucleus (AgNOR clusters, dispersed
AgNORs, and totals) was determined for each
case after counting 100 nuclei directly on to
tissue sections at x 400 magnification. Cells
were examined at random.
AgNOR counting was repeated subse-

quently, along the same lines, using projected
transparencies; microphotographs had been
taken randomly at magnifications of x 200 and
x 500. Interobserver and intraobserver error

were calculated.
The significance of results (mean numbers of

AgNOR clusters plus dispersed AgNORs) was

assessed by the Wilcoxon rank sum test.

Results
AgNORs were clearly visible on light micro-
scopical examination as black silver binding
dots within nuclei stained orange. There were,
however, well defined differences between the
two study groups of breast carcinomas. Thus
malignant neoplasms without nodal disease or

with metastases in less than four lymph nodes
contained, on average, two to three AgNORs
per cell nucleus (mean 2-81; median 2-65; SD
0-61; 95%O CI 1-59-403): these were uniform,
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AgNORs in breast carcinomas

Patterns of AgNOR staining in breast carcinomas

Mean AgNOR count

Lymph node state No of cases AgNOR clusters Dispersed AgNORs Totals

Negative nodes or one to three positive nodes 8 1 97 0-84 2 81
Four or more positive nodes 12 2 24 6-33 8-57

round, and dense. By contrast, AgNORs in
breast carcinomas with four or more positive
nodes were usually, though not invariably, of
bizarre morphology and more numerous: up to
three large, often irregular, dense structures
and multiple smaller argyrophilic dots, less
distinct and widely dispersed within the
nucleus (mean 8 57 AgNORs/nucleus; median
8 00; SD 2-63; 95O" CI 3-3-13-72). The
results are expressed as a scattergram in the
figure; the difference between the two study
groups was significant (p < 0-001), although
the numbers are too small to be able to detect
clinically important differences. The intra- and
inter-observer error was between 4 1 and
6 30o. The correlation between AgNOR
counts by the two methods of enumeration was
good: r = 0-8. The table shows the patterns of
AgNOR staining and their mean values per
tumour cell nucleus. AgNOR counts, though
highly reproducible by both methods, were
more easily accomplished in projected photo-
graphic transparencies.

Discussion
The prognosis of primary breast carcinoma
depends on several morphological and endo-
crinological variables. These include: tumour
size; type of tumour; the degree of differentia-
tion into glandular or tubular structures; the
presence, degree, and prevalence of nuclei
showing hyperchromatism, pleomorphism,
and mitotic activity; the degree of lymphocytic
response; the presence of local invasion and
lymph node metastases; and the tumour recep-
tor state.' 122 Although these various factors
are evaluated in combination, in practice the
most important single factor in determining
prognosis seems to be the extent of disease
at the time of operation.2>25 Microscopic
evidence of metastases in four or more axillary
lymph nodes is associated with a higher per-
centage of treatment failure and a lower in-
cidence of five year survival, compared with
cases where nought to three lymph nodes are
affected.923 2628

The morphological expression of this prog-
nostic determinant may well be the silver-bind-
ing NOR-associated proteins of the cell
nucleus. Thus as the present study suggests,
there seems to be a relation between AgNOR
counts and the number ofpositive lymph nodes
in breast carcinomas: the higher the numbers
and the more bizarre the morphology of
AgNORs in the primary tumour, the more

extensive the nodal disease. The reasons for
this tendency are obscure but may be related to
an increased nuclear activity.4529

It is tempting to speculate, therefore, that the
numbers, the shape, and the distribution of
AgNORs within the nucleus might be ofpoten-

tial use in predicting behaviour in breast car-
cinomas. This would be very convenient for
assessing aggressiveness in small incisional
biopsy specimens, needle aspiration cytology,
or imprint cytology. The validity of such an
assumption, however, could only be verified by
a large series of patients participating in long
term follow up studies.30

In other tissues and disease states claims that
the AgNOR activity is of prognostic value have
not been warranted by the rather scanty and
contradictory reports.'83' Equally, suggestions
that the method may be helpful in discrim-
inating benign from malignant disease or in
distinguishing between low and high grade
malignancy have been found to be the case in
some studies, 4 5 16 32 33 but not in others.3 37
Further studies are clearly needed before the
clinical importance of the AgNOR staining
method can be fully appreciated.
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