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Evaluation of nucleolar organiser regions in
pulmonary pathology

M J Egan, J Crocker

Traditional approaches to the pathological
diagnosis of neoplasms include macroscopic
examination, formalin fixation, and the
preparation and examination of paraffin sec-
tions stained by various histochemical tech-
niques. These are likely to remain the standard
against which alternative and more sophis-
ticated methods are compared. The routine
approaches may be disappointing, however, in
the assessment of tumours and virtually every
day the surgical pathologist is confronted with
cases for which light microscopic examination
is insufficient to enable a precise pathological
diagnosis to be made or prognostic information
to be provided. Similarly, the many commer-
cially available antisera for immunohisto-
chemical evaluation may confuse rather than

Figure I Electron micrograph of a nucleus of a lymphoid cellfrom a tonsil showing a

nucleolus containing three fibrillar centres. From Crocker33; reproduced by courtesy of
"Current Topics in Pathology."
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assist the inexperienced pathologist. Simple
tests that identify malignancy and the degree of
differentiation would clearly provide valuable
information.

Consequently, there has been growing
interest among histopathologists about the role
of the nucleus, DNA, and cell kinetics in health
and disease. DNA flow cytometry, DNA and
RNA "in situ" hybridisation, and the use ofthe
antibody Ki-67 (which detects a proliferation

associated antigen') are among the new tech-
niques that have become available for this
purpose. The most recent addition to the list,
with possibly one of the simplest applications
to current histological practice, is the staining
and subsequent study of nucleolar organiser
regions.

Abnormalities of the nucleolus have long
been known to be a feature of malignant cells.23
Until the advent of electron microscopy,
however, nucleolar morphology was of little
diagnostic value and consequently of little
interest to most histopathologists. The
nucleolus has recently been shown to be com-
posed of the relatively electron dense and
filamentous nucleolonema and rounded zones
of light density and texture known by various
names, including pars amorpha, pars fibrosa,
and fibrillar centre45 (fig 1). In interphase these
structures are equivalent to nucleolar organiser
regions, contain the ribosomal genes, and can
be visualised at the ultrastructural and light
microscopy levels by the remarkably selective
staining of their associated proteins by a silver
colloid technique.6 At the light microscopy
level nucleolar organiser regions appear as
small black dots when stained in this way,
known as AgNORs.
Over the past three years numerous patho-

logical and clinical reports have documented
new applications of this simple method. The
purpose of this review is to give an account of
the theoretical and practical basis of the study
of nucleolar organiser regions and to document
its application to histopathological practice
with special reference to the respiratory tract.

Theoretical and practical basis
Fibrillar centres are the interphase equivalent
of nucleolar organiser regions and vary in size
according to the degree of nucleolar transcrip-
tion.78 Their numbers and distribution within
the nuclei at the levels ofboth light and electron
microscopy are intimately related to the cell
cycle9 (fig 2). In prophase the dense fibrillar
components and granular components of the
fibrillar centre disperse and the nucleolus
diminishes in size. In- metaphase these struc-
tures are known to exist on the short arms ofthe
acrocentric chromosomes (13-15, 21, and 22).
During this phase they appear as black dots
when silver staining is used (fig 3) and as clear
areas with the Giemsa banding technique.
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Figure 2 Segregation and aggregation of nucleolar organiser regions
the cell cycle. Cells may leave at the restriction point, either permanen
temporarily; the aggregation of nucleolar organiser regions through ml
point is indicated. G, and G2- growth phases 1 and 2; S-synthesis p

With electron microscopy they
of relative electron lucency an
secondary constrictions.9 As n
iser regions occur in constan
certain known chromosomes, s

has been used by cytogeneticistu
investigate certain trisomies.'
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Figure 3 Chromosomes of a normalfemale human cell (46 XX) sta

AgNOR method, showing the sites of nucleolar organiser regions on

chromosomes. From Crocker"3; reproduced by courtesy of "Current T
Pathology."

bearing nucleolar organiser regions and these
granules are arranged further into nucleolar
structures. In interphase the nucleolar sub-
structure of the nucleolonema and fibrillar
centres is re-established.
At a molecular level nucleolar organiser

regions consist of segments of ribosomal DNA
(rDNA), which are transcribed on to ribosomal
RNA (rRNA) and thus ribosomes under the
influence ofRNA polymerase I. TheDNA is in
the extended form and the chromatin asso-
ciated with the nucleolar organiser region has
been observed to be dispersed and therefore
transcriptionally active." The precise

NOR
arrangement of chromosomes within inter-

cNtOR phase nuclei is not understood, but three
association dimensional reconstruction has shown no

numerical relation between the numbers of
chromosomes possessing nucleolar organiser
regions and the numbers of fibrillar centres.8
This observation has been confirmed at the
ultrastructural level with human oocytes" and
by light microscopy with certain human neo-
plastic tissues.'3
Lysed nuclear or nucleolar spreads on water

show nucleolar organiser regions to consist of
20-200 tandem "fir tree" arrays with an rDNA
axis and nascent rRNA branches. Attached to
these are proteins that process precursor rRNA
into ribosome precursors of two sizes (28S and

(NORs) through 18S). These are packaged ultimately into the
Itlyst Upto this cytoplasm as ribosomes proper (fig 4).
phase. u Clearly there have to be regulatory mechan-

isms and predictably in this context the effects
appear as areas of hormones have been studied. After the
d are known as incubation of fibroblasts with growth hormone
ucleolar organ- or dexamethasone AgNORs have been shown
it positions on to be significantly increased in chromosome
abnormal siting spreads during metaphase. This suggests
s to identify and ribosome gene activation, and indeed fluores-
0 In telophase cence studies have shown ribosome gene acti-
e chromosomes vation to be closely related to the argyrophilia

of nucleolar organiser regions.'8
In addition to RNA polymerase I, many

associated proteins besides RNA polymerase I
are associated with nucleolar organiser regions
(NORAPs). The most important are C23
protein (nucleolin), B23 protein, and two
others (of about 29 and 100 KD). Little is
known about phosphoproteins associated with
oligodeoxyribonucleotides but they are vital to
the study ofAgNORs as they are argyrophil by
virtue oftheir carboxyl and sulphydryl content.
These proteins may be specifically identified
and localised by various antibodies.

*+ The argyrophil technique appears remark-
ably specific as a means of detecting nucleolar
organiser regions and their associated proteins.
Previously, much of the work used hybridisa-
tion of radiolabelled rRNA with rDNA, and
sequential staining using both methods has
shown correspondence between the binding
sites. 4 The specificity of the AgNOR reaction
has been confirmed further with mercurated
fluorescent probes'5 and studies of the localisa-
tion of the silver deposition at an ultrastruc-
tural level.'6 Fluorescence and immunological

mined with the methods have also been applied (table), but for
he acrocentric general use the argyrophil method has found
'opics in acceptance largely because of its simplicity.
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Evaluation of nucleolar organiser regions in pulmonary pathology

Figure 4 Schematic
representation of the
transcription of ribosomal
(r) DNA genes ultimately
on to ribosomes. NOR-
nucleolar organiser region;
RPI-RNA polymerase I.
From Crocker"3;
reproduced by courtesy of
"Current Topics in
Pathology."
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Nucleolar organiser regions in
histopathological practice
As the DNA of nucleolar organiser regions is
transcribed ult'imately into ribosomal RNA
and hence leads to protein synthesis, the
numbers or sizes of nucleolar organiser regions
might be expected to reflect cellular activity,
proliferation, or transformation. Many
physiological variables affect the numbers of
nucleolar organiser regions and their staining
intensity. The latter reflects rDNA gene
activity, and as actual rRNA synthesis in dif-
ferent subjects measured by uridine uptake can
vary up to threefold, individual variation could
substantially affect the activity of nucleolar
organiser regions, as observed with argyrophil
methods. The phases of the cell cycle9 and
certain hormones'8 are known to affect num-
bers and distribution of nucleolar organiser
regions. A reduction ofAgNOR numbers with
terminal cellular differentiation'9 has been
observed in a leukaemia cell line and with aging
in stimulated lymphocytes.20 Despite these

Techniques for identifying nucleolar organiser regions
(NORs)

Reagent Target

Radiolabelled ribosomal (r) rDNA
Silver colloid (AgNOR) NOR associated proteins
Mercuridibromfluorescein NOR associated proteins
Bismuth ions 100 kD NOR associated

protein
Antibodies Various NOR associated

protein epitopes

potentially important drawbacks to the
application of the argyrophil method to his-
topathological practice numerous studies have
validated the usefulness of AgNOR examina-
tion in tumour pathology.
From the early stages it was apparent that

uniformity with respect to fixation, technique
and enumeration was required and proposals
for a standardised approach are outlined below.

FIXATION
It has recently been shown that the same

distribution of silver stained nucleolar organ-
iser regions (AgNORs) is seen in frozen and
paraffin sections, and that sequential staining
with various immunohistochemical techniques
has no adverse effect on AgNOR number or

distribution.2' It has also been shown that
conventional 10% formol saline fixation is
perfectly satisfactory, alcohol fixation is
optimal, and fixatives containing picric acid
and mercury containing fixatives are highly
deleterious.22 The technique is readily applic-
able to semithin Lowicryl sections23 and
microwave fixed tissue.24

TECHNIQUE
The reaction was originally devised for
chromosome metaphase spreads and runs at
room temperature for 60 minutes. The method
was subsequently abbreviated from a three step
to a one step sequence and modified by lower-
ing the reaction temperature to 20°C. A recent
modification has permitted rapid staining (two

NOR

12I
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minutes)25 but generally a reaction time of 30
minutes gives satisfactory results and is most
widely used.26 Background silver deposition
has been related to less than scrupulously clean
glassware, residual chloride ions in deionised
water, and possibly contaminants in the
gelatin.

In brief, the method is as follows. Sections of
3 ,um are cut, dewaxed, and taken to water.
Deionised distilled water is used to wash and
make up the reagents used. The reaction mix-
ture is made by dissolving gelatin (to make a
2 g/dl solution) in 1 g/dl formic acid. This is
mixed with 50/% aqueous silver nitrate in a
proportion of 1:2. Sections are incubated in this
mixture for 30 minutes in safelight conditions.
The slides are then washed, taken to xylene,
and mounted in a synthetic medium. The
numbers of stained nucleolar organiser regions
in 100 cells of each defined type are then
counted and the mean number per cell is
calculated.

ENUMERATION
Ultrastructural, immunohistochemical, and
light microscopic studies have indicated that it
is reasonable to suppose that the AgNOR
reaction does indeed show nucleolar organiser
regions-that is, rRNA genes.26 Several
approaches to their enumeration have been
proposed. Firstly, all separate silver stained
structures are counted and any adjoining struc-
ture, such as a partly disaggregated nucleolus,
is treated as a separate feature. Secondly,
incubation time is altered so that all subsidiary

dots within nucleolar associations can be
visualised and enumerated. Both methods have
been applied to particular diagnostic problems
with success and the selection of the enumera-
tion technique should depend on the diagnostic
problem. For example, all "dots" must be
counted to separate benign from malignant
breast tumours, but in the uterine cervix this is
not necessary (see below). Neither technique
will give absolute counts of nucleolar organiser
regions in 3 gm sections of nuclei, which are
usually 7 Mm or more in diameter. Selective
image analysis is not usually satisfactory for
counting AgNOR particles but a method of
potential use with image analysis is measuring
the total silver stained area per nuclear profile.

AgNORs and malignant conditions
LUNG
Malignant mesothelioma is an uncommon
tumour with variable histological appearances.
The two major areas of difficulty in diagnosis is
differentiation from adenocarcinoma and re-
active mesothelial proliferations in histological
and cytological preparations. In the past, light
and electron microscopy and immunohisto-
chemistry have been applied with some success
but these techniques do not distinguish reliably
between reactive and neoplastic mesothelial
cells.27 Ayres et al showed that simple enumera-
tion of AgNORs reliably separates malignant
and benign pleural tissue.28 Soosay and
colleagues' found some overlap, however, and

Figure 5 Mean number
(with 950o confidence
intervals) of stained
nucleolar organiser regions
(AgNORs) per cell of
normal pleura, reactive
pleura and thefour types
of mesothelioma. From
Ayres et al.28
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Evaluation of nucleolar organiser regions in pulmonary pathology

Figure 6 (Left) Bronchial biopsy of oat cell carcinoma stained by the AgNOR
method; numerous black dots (NORs) are seen within the nuclei. (Right) Lymphocytes
from a bronchial biopsy specimen stained by the AgNOR method with afew black dots
within the nuclei.

considered the case for routine use of the
AgNOR method in individual problems to be
unproved. In (unpublished) work comparing
pleural aspirates, pleural biopsy, and follow up
postmortem examination we have found the
AgNOR method to be a useful adjunct to
established methods, though it does not distin-
guish between adenocarcinoma and meso-
thelioma (fig 5). A raised AgNOR score can
differentiate malignant pleural disease from
benign disease.

Small cell carcinoma of the bronchus may
also be a diagnostic problem, especially in small
biopsy samples obtained at bronchoscopy,
where its distinction from other tumours and
from aggregates of lymphocytes may be dif-
ficult. Enumeration ofAgNOR sites has affor-
ded diagnostically useful data in this context.
Lymphoid specimens contain less than two
AgNORs per cell, whereas small cell carcinoma
cells contain over four' (fig 6). The values in
the two conditions were so widely separated
that formal counting was considered unneces-
sary. The caveat is that low grade non-Hodg-
kin's lymphoma could not be distinguished
from benign lymphocytes and consequently
other methods would have to be used to ensure

that the former was not present.' None the
less, the usefulness of the method in the
diagnosis of small cell carcinoma is apparent.
The reproducibility ofthe method has recen-

tly been shown by Benbow and Cromie, who
examined small cell carcinoma and typical and
atypical carcinoid tumours." The AgNOR
counts obtained for small cell carcinoma were
similar to those obtained by Crocker et al.0
The values obtained for atypical and typical
carcinoid tumours showed considerable over-
lap with those for small cell carcinoma, in
keeping with the concept of a continuous range
of clinical behaviour and differentiation.
Squamous cell carcinoma of the larynx32 and

bronchus33 show a general trend towards
increased counts with decreased differentiation
(fig 7). The technique has been successfully
applied to imprints (fig 8) and fine needle
aspiration specimens of bronchial carcinoma.
Studies of other bronchial carcinomas and the
relationship of AgNORs to survival and prog-
nosis are under way.33 Dual AgNOR and
immunohistochemical staining of lung
tumours has allowed accurate cellular iden-
tification and counting2' (fig 9).

It is not yet certain whether AgNOR counts
can be related to prognosis for the different
histological varieties of lung cancer. If, as
seems to be the case, AgNOR scores are related
to cell proliferation (see below), then such a
correlation would be expected. If no relation
between prognosis and AgNORs were shown it
would imply that factors other than cell pro-
liferation are important for survival in patients
with a lung tumour. Factors such as presence or
absence of nodal metastases and response to
chemotherapy also need to be related to
AgNOR scores.

OTHER MALIGNANT CONDITIONS
The potential of AgNOR identification and
quantification has been investigated in greater
detail in malignant diseases outside the lung.
The assessment and grading of non-Hodgkin's
lymphoma are important because prognosis

Figure 7 (Left)
Well differentiated
squamous carcinoma of
bronchus stained by the
silver colloid methodfor
nucleolar organiser regions
with afew AgNORs
aggregated into nucleolar
structures. (Right) Poorly
differentiated squamous
carcinoma of bronchus
stained by the silver colloid
methodfor nucleolar
organiser regions, showing
more numerous and
dispersed AgNORs.
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Figure 8
Photomicrograph of a cell
imprint of high grade non-
Hodgkin's lymphoma
stained by the AgNOR
methodfor nucleolar
organiser regions, showing
numerous AgNORs.
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of non-Hodgkin's lymphoma. Enumi
NORs in both histological sections3
imprints35 also appears to be of value.

It might be expected that the n
AgNORs per nucleus would reflectth
of chromosomes or else ploidy as

diploid cell should contain, at i

nucleolar organiser regions (two sets (

the five acrocentric chromosomes tha
nucleolar organiser regions). Alte
AgNOR numbers might be expected
proliferation and show a numerical r

either the percentage of dividing cellh
cells) or the percentage of cells recol
the monoclonal antibody Ki 67. This
binds to antigen in the nuclei of cl
phases except when cells which hav
capacity for division and have tempi
permanently entered a protracted f
state (Go phase). DNA flow cytometi
Hodgkin's lymphoma has shown that
bers of AgNORs correlate closely

Figure 9
Squamous carcinoma of
bronchus stained with
antibody to low molecular
weight cytokeratin by the
APAAP method and
counterstained by the
silver colloid technique for
nucleolar organiser
regions. Strong
cytoplasmic
anticytokeratin staining is
present with AgNORs
visible within the nucleus.

eJIF percentage of S phase cells' and the percentage
*,>* ofKi 67 positive cells37 but not with the ploidy36

or the number of AgNORs observed in
chromosome spreads during metaphase."3
The immediate conclusion to be drawn from

these studies is that AgNOR numbers in some
h way reflect or even direct cell proliferation.

Morphometric analysis of highly magnified
-* photomicrographs has also proved to be of use

in that high and low grade non-Hodgkin's
lymphomas show wide separation of the
diameter and area of the AgNORs. High grade
lymphomas possess many small AgNORs
whereas low grade lymphomas possess fewer
but larger AgNORs.? A similar inverse rela-
tion of AgNOR size and number has been
observed in cervical intraepithelial neoplasia
studied by light microscopy39 and adenomatous
polyps and adenocarcinoma at the ultrastruc-
tural level.' A similar result is likely to be
obtained for lung tumours as clinical and
pathological studies progress.

te evalua- Numerous other tumours and tumour like
s, includ- conditions have been investigated successfully
immuno- with the argyrophil method. These include
id DNA salivary neoplasms,4' certain nasal tumours,42
f nuclear cholesteatoma,43 malignant melanoma and
ssification skin tumours,44-48 breast tumours,4953 menin-
eration of giomas,54 pituitary adenomas,55 brain
4 and cell tumours,33 and various tumours in children.56

In the case of breast disease AgNOR counts
umber of have been reported both to be useful49 50 and to
Le number be of limited value51 52 in differentiating benign
a normal ductal proliferation and intraduct carcinomas.
most, 10 This controversy is explained partly by the
on each of different techniques used. The technique
it bear the appears to be less useful in the evaluation of
rnatively, prostatic cancer,33 thyroid malignancy,6'
to reflect colonic mucosal lesions,62 and gastric epithelial
-elation to lesions.63
s (S phase
gnised by
antibody Borderline and premalignant conditions

ells in all RESPIRATORY TRACT
,e lost the Dysplastic laryngeal squamous epithelium
torarily or shows a gradual increase in AgNOR counts as
functional the histological appearance changes from mild
ry of non- to moderate to severe dysplasia.32 64 This
the num- reflects the continuum of numbers seen in
with the dysplastic bronchial epithelium in relation to

well, moderately, and poorly differentiated
carcinoma of the bronchus.33 In situ tran-
sitional carcinoma of the nose is readily dif-
ferentiated from its benign and frankly invasive
counterparts on the basis ofAgNOR counts,42
suggesting that AgNOR numbers may be use-
ful in indicating the need for closer observation

_ of the patient or further investigation when
i K : biopsy specimens are equivocal.

o OTHER TISSUES
Prospective studies of liver biopsies in

= ^ specimens in which histological appearances
could not distinguish between normal liver and
cirrhotic livers or between cirrhosis and
hepatocellular carcinoma showed AgNOR
staining to be of predictive value.65 Retrospec-
tive and comparative studies have shown the
method to be of some use in premalignant
conditions of the cervix6667 and endocervix,68
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borderline ovarian mucinous tumours,69
atypical endometrial hyperplasia,70 and
intratubular germ cell neoplasia.7'
The diagnosis of melanocytic dysplasia is

considered by some to be of considerable
importance with respect to the future develop-
ment of malignant melanoma,72 whereas others
challenge the concept of a premalignant mela-
nocytic lesion.73 Advocates of the former view
have failed to show a significant difference in
AgNOR counts between clinical and histo-
logical melanocytic dysplasia and benign naevi
and melanocarcinoma.74 If an increase in
AgNOR numbers heralds malignant change
these findings suggest that melanocytic dys-
plasia is not a premalignant condition.
Prognostic use ofAgNORs
AgNOR counts have been shown to be closely
related to differentiation and inversely related
to prognosis in neuroblastomas.58 They are
closely correlated with established prognostic
indices in breast cancer5052 and may provide a
prognostic index independent of the
chromosomal number and DNA content of the
tumour cells.5' On the other hand, AgNOR
numbers do not predict the biological
behaviour of meningioma,54 rhabdomyosar-
coma,59 Ewing's sarcoma,' or thick malignant
melanomas.75 Information on borderline
ovarian tumours69 and dysplastic naevi4 is
incomplete; studies of lung tumours and
invasive lesions of cervix are currently under
way.

Non-neoplastic lesions
An important and extensive use of the AgNOR
method may be in the investigation or diagnosis
of certain non-neoplastic proliferations and
regenerative conditions. For example, the
presence of more than four AgNORs may be
used to differentiate cholesteatoma from nor-
mal squamous epithelium.43 The technique is
of use in the differentiation of xanthogran-
ulomatous pyelonephritis and clear cell carcin-
oma.76 A physiological increase of AgNORs is
observed in pituitary corticotrophs after ad-
renalectomy in adult male Sprague-Dawley
rats.7 AgNORs are a sensitive indicator of
tubular damage and degree of recovery and will
provide a useful aid to clinical management of
patients with early dysfunction of renal
allografts.78

Conclusions
Over the past three years numerous publica-
tions have helped to show the usefulness of
AgNOR enumeration. The argyrophil tech-
nique is remarkably specific for proteins
associated with nucleolar organiser regions and
a simple and a standardised approach has
allowed correlation of data within and between
laboratories. Relatively few prognostic studies
have been carried out, and benign and malig-
nant conditions in some studies have a con-
siderable overlap of AgNOR numbers.3254556'
The method at present cannot distinguish
between physiological and neoplastic prolifera-
tion in certain lesions-a failure shared with
other innovative techniques in tumour patho-
logy, notably immunolabelling with Ki 67 and

DNA flow cytometry. Nevertheless, the initial
promise of the method has been fulfilled in
many areas. The technique has found use, for
example, in neoplasms of skin,44 46 breast,49
lymphoid tissue,3436 kidney,64 and liver65 and in
childhood cancers5"58 and mesothelial
tumours.28 Interesting and potentially useful
information has been provided for many types
of neoplasms, including certain canine
tumours.79 These suggest that nucleolar organ-
iser regions reflect or even direct cell prolifera-
tion, and the numbers may reflect complex
cellular and nuclear interactions, including
gene amplification.

Future studies using antibodies to nucleolar
organiser regions and their associated proteins
or other probes should elucidate their role in
the transformation of tumour cells, and explain
the ectopic situation of some AgNORs outside
nucleolar structures. It is hoped that such
studies will also provide further diagnostic
applications.

MJ EGAN
Department of Pathology,

Maternity Hospital,
Birmingham

J CROCKER
Department of Pathology,

East Birmingham Hospital,
Birmingham

1 Gerdes J, Schwab U, Lemke H, Stein H. Production of a
monoclonal antibody reactive with a human nuclear
antigen associated with cell proliferation. Int J Cancer
1983;31:13-20.

2 Koller PC. The nucleus of the cancer cell-a historical
review. Exp Cell Res 1963;9:3-14.

3 Busch H, Smetana K. Nucleoli oftumour cells. In: Busch H,
Smetana K, ed. The nucleolus. New York: Academic Press,
1970:448-71.

4 Derenzini M, Hernandez-Verdun D, Pession A, Novello F.
Structural organisation of chromatin in nucleolar organ-
iser regions of nucleoli with a nucleolonema-like and
compact ribonucleoportein distribution. J Ultrastruct Res
1983;84:161-72.

5 Hernandez-Verdun D. Structural organisation of the
nucleolus in mammalian cells. Meth Achiev Exp Pathol
1986;12:26-62.

6 Ploton D, Menager M, Jeannesson P, Himber G, Pigeon F,
Adnet JJ. Improvement of staining and in visualisation of
the argyrophilic proteins of the nucleolar organiser region
at the optical level. Histochem J 1986;18:5-14.

7 Jordan EG, McGovern JH. The quantitative relationship of
fibrillar centres and other nucleolar components to chan-
ges in growth conditions, serum deprivation and low doses
of actinomycin D in cultured human fibroblasts (strain
MRC-5). J Cell Sci 1981;52:373-89.

8 Mirre C, Knibiehler B. A re-evaluation of the relationships
between the fibrillar centres and the nucleolus organising
regions in reticulated nucleoli: ultrastructural organisa-
tion, number and distribution of fibrillar centres in the
nucleolus of the mouse sertoli cell. J Cell Sci 1982;55:
261-76.

9 Goessens G, Thiry M, Lepoint A. Relations between
nucleoli and nucleolus organising regions during the cell
cycle. In: Stahl A, Lucini JM, Vagner CapodanoAM, eds.
Chromosomes today. London: Allen and Unwin, 1987:
261-71.

10 Babu KA, Verma RS. Structural and functional aspects of
nucleolar organiser regions (NORs) of human
chromosomes. Int Rev Cytol 1985;94:151-76.

11 Hernandez-Verdun D, Derenzini M, Bouteille M. The
morphological relationship in electron microscopy bet-
ween NOR-Silver proteins and intranucleolar chromatin.
Chromosoma 1982;85:461-73.

12 Cataldo C, Souchier C, Vasserot M, Calisti A, Vagner
Capodano AM, Stahl A. Three dimensional analysis of
fibrillar centres and associated chromatin in the nucleus of
human oocytes in primordial follicles. Biol Cell 1985;
54:91-4.

13 Janmohamed R, Armstrong S, Crocker J, Hulten M,
Leyland M. The relationship between numbers of inter-
phase NORs and NOR bearing chromosomes in non
Hodgkin's lymphoma. J Pathol 1989;158:3-7.

14 Hsu TC, Spirito SE, Panane ML. Distribution of 18 + 28S
ribosomal genes in mamnmalion genomes. Chromosoma
1975;53:25-36.

15 Buys CHCM, Osinga J. Abundance of protein bound

231

 on M
ay 23, 2023 by guest. P

rotected by copyright.
http://thorax.bm

j.com
/

T
horax: first published as 10.1136/thx.45.3.225 on 1 M

arch 1990. D
ow

nloaded from
 

http://thorax.bmj.com/


Egan, Crocker

sulphydryl and disulphide groups at chromosomal
nucleolus organising regions. Chromosoma 1980;77:1-1 1.

16 Hemandez-Verdun D, Hubert J, Bourgeois CA, Bouteille
M. Ultrastructural localisation of AgNOR stained
proteins in the nucleolus during the cell cycle and in other
nucleolar structures. Chromosoma 1980;79:349-62.

17 Morton CC, Brown JA, Holmes WN, Nance WE, Wolf B.
Stain intensity of human nucleolus organiser region
reflects incorporation of uridine into mature ribosomal
RNA. Exp Cell Res 1983;145:405-13.

18 De Capoa A, Baldini A, Marlekaj Natoli, et al. Hormone.
modulated rRNA gene activity is visualised by selective
staining of NORs. Cell Biol Int Reports 1985;9:791-6.

19 Reeves BR, Casey G, Honeycomb JR, Smith S. Correlation
of differentiation state and silver staining of nucleolar
organiser regions in the promyelocytic leukaemia cell line
HL-60. Cancer Cytogenet 1984;13:159-66.

20 DasBC,Rani R, MitaAB, Luthra UK. Thenumberofsilver
staining NORs (rDNA) in lymphocytes of newborns and
its relationship to human development. Mech Ageing
Devel 1986;36:117-23.

21 Murray PG, Boldy D, Crocker J, Ayres JG. Sequential
labelling with monoclonal antibodies (including Ki 67)
and the demonstration of AgNORs. J Pathol (in press).

22 Smith P, Skilbeck N, Harrison A, Crocker J. Effect of a
series offixatives on the AgNOR teclnique. JPathol 1988;
155:109-12.

23 Moreno FJ, Villamarin A, Garcia-Herdugo G, Lopex-
Campos L. Silver staining of nucleolar organiser regions
(NORs) in semithin Lowicryl sections. Stain technology
1988;63:27-31.

24 Leong A S-Y, Raymond NA. Demonstration of AgNOR-
related proteins in microwave-fixed tissue. J Pathol 1988;
156:352.

25 Cromie CJ, Benbow EW, Stoddart RW, McMahon RFT.
Preincubation with a glycine solution aids the demonstra-
tion of nucleolar organiser region associated protein.
Histochem J 1988;20:722-4.

26 Crocker J, Boldy D, Egan M. How should we count
AgNORs-proposals for a standardised approach. J
Pathol 1989;158:185-8.

27 Ghosh AK, Gatter KC, Dunhill MS, Mason DY. Immuno-
histochemical staining of reactive mesothelium, meso-
thelioma and lung carcinoma with a panel of monoclonal
antibodies. J Clin Pathol 1987;40:19-25.

28 Ayres J, Crocker J, Skilbeck N. Differentiation of malignant
from normal and reactive mesothelial cells by the argyro-
phil technique for nucleolar organiser region associated
protein. Thorax 1988;41:366-70.

29 Soosay G, Happerfield L, Papadaki L, Griffiths M, Bobrow
L. Evaluation of immunohistochemistry, electron micro-
scopy and silver impregnation of nucleolar organiser
regions in the differentiation between malignant meso-
thelioma, metastatic adenocarcinoma and reactive meso-
thelial hyperplasia [abstract]. J Pathol 1989;157:172A.

30 Crocker J, Ayres J, McGovern J. Nucleolar organiser
regions in small cell carcinoma of the bronchus. Thorax
1987;42:972-5.

31 Benbow LW, Cromie CJ. Inability of AgNOR counts to
differentiate between bronchial carcinoid tumours and
small cell carcinoma of the bronchus. J Clin Pathol
1989;9:1003-4.

32 Ashworth MT, Helliwell TR. Nucleolarorganiser regions in
benign, dysplastic and malignant laryngeal epithelium. J
Pathol 1988;154:35-1 10.

33 Crocker J. Nucleolar organiser regions. In: Underwood
JCE, ed. Current topics in pathology. Heideberg: Springer,
1990:91-149.

34 Crocker J, Nar P. Nucleolar organiser regions in lym-
phomas. JPathol 1987;151:111-8.

35 Boldy D, Crocker J, Ayres J. Application of the AgNOR
method to cell imprints of lymphoid tissue. J Pathol
1989;157:75-9.

36 Crocker J, Macartney JC, Smith P. Correlation between
DNA flow cytometric and nucleolar organisation region
data in non Hodgkin's lymphoma. J Pathol 1988;154:
151-6.

37 Hall PA, Crocker J, Watts A, Stansfield AG. A comparison
of nucleolar organiser region staining and Ki 67 immuno-
staining in non Hodgkin's lymphoma. Histopathology
1987;12:373-81.

38 Crocker J, Egan M. Correlation between NOR sizes and
numbers in non Hodgkin's lymphoma. J Pathol 1989;
156:233-9.

39 Egan M, Freeth M, Crocker J. The relationship between
cervical intraepithelial neoplasia and the size and numbers
of nucleolar organiser regions. Gynaecol Oncol (in press).

40 Derenzini M, Romagnoli T, Mingazzini P, Marinozzi V.
Interphasic NOR distribution asa diagnostic parameterof
differentiate benign from malignant epithelial tumours of
human intestine. Virchow Arch 1988;54:334-40.

41 Morgan DW, Crocker J, Watts A, Shenoi PM. Salivary
gland tumours studied by means of the AgNOR tech-
nique. Histopathology 1988;13:553-9.

42 Egan M, Ramsden K, Crocker J. Diagnostic significanceof
mean numbers of nucleolar organiser regions in benign
and malignant transitional tumours of nose. Histopatho-
logy 1988;13:579-81.

43 Cooper J, Michaels L. Argyrophilic nucleolar organiser
region associated proteins (AgNORs) in stratified
squamous epithelial of congenital and acquired choles-
teatomas and the external ear [abstract]. J Pathol 1989;
157:172A.

44 Crocker J, Skilbeck N. Nucleolar organiser region associated
protein in cutaneous melanotic lesions: a quantitative
study.J Clin Pathol 1987;40:885-9.

45 Fallowfield ME, Dodson AR, Cook MG. Nucleolar organ-

iser regions in melanocytic dysplasia and melanoma.
Histopathology 1988;13:95-9.

46 Leong AS-Y, Gilham P. Silver staining of nucleolar organ-
iser regions in malignant melanomas and melanotic naevi.
Hun Pathol 1989;20:257-62.

47 Egan M, CrockerJ. Nucleolar organiser regions in cutaneous
tumours. J Pathol 1988;154:247-53.

48 Derenzini M, Betts CM, Ceccarelli C, Eusebi V. Ultrastruc-
tural organisation of nucleoli in benign naevi and malig-
nant melanomas. Virchows Arch B (Cell Pathol) 1986;52:
343-52.

49 Smith R, Crocker J. Evaluation of nucleolar organiser
region-associated proteins in breast malignancy. Histo-
pathology 1988;12:113-25.

50 Giri DD, Nottingham JF, Lawry J, Dundas SA, Underwood
JCE. Limitations of the Ag-NOR technique in distin-
guishing benign and malignant epithelial lesions of the
breast. J Pathol 1988;154:35-1 10.

51 Ohri AK, Herbert A, Royle G. Nucleolar organiser regions
in breast cancer [abstract]. J Pathol 1988;154:347A.

52 Raymond WA, Leong AS-Y. Nucleolar organiser regions
relate to growth fractions in human breast cancer. Human
Pathol 1989;20:741-7.

53 Egan M, Smith K. Sloo protein and myoepithelial cells of
breast. J Clin Pathol 1987;40:1485-6.

54 Boon AP, Sharif H. Prognostic value of the AgNOR
technique in meningiomas [abstract]. J Pathol 1988;155:
343A.

55 McNichol A, Colgan J, McMeekin N, Teasdale GM.
Nucleolar organiser regions in pituitary adenomas
[abstract]. J Pathol 1988;154:107A.

56 Egan M, Raafat F, Crocker J, Smith K. Nucleolar organiser
regions in small round cell tumours of childhood. J Pathol
1987;153:275-80.

57 Egan M, Raafat F, Crocker J, Smith K. Nucleolar organiser
regions in fibrous proliferations of childhood and infantile
fibrosarcoma. J Clin Pathol 1988;41:31-3.

58 Egan M, Raafat F, Crocker J, Williams D. Comparative
study of the degreeofdifferentiation ofneuroblastoma and
the mean number of nucleolar organiser regions. J Clin
Pathol 1988;41:31-3.

59 Egan M, Raafat F, Crocker J, Williams D. Prognostic
importance of nucleolar organiser regions in embryonal
rhabdomyosarcoma. J Clin Pathol 1988;4:447.

60 Egan M, Raafat F, Crocker J, Williams D. Prognostic
importance of nucleolar organiser regions in Ewing's
sarcoma of childhood. J Clin Pathol 1988;41:232.

61 Nairn ER, Crocker J, McGovern J. Limited value of
AgNOR enumeration in the assessment of thyroid neo-
plasms. J Clin Pathol 1988;41:1136.

62 Arends JW, Kate J. AgNORs in colonic mucosal lesions.
Histopathology 1988;13:707-9.

63 Suarez V, Newman J, Hiley C, Crocker J, Collins M. The
value of NOR numbers in neoplastic and non neoplastic
epithelium of the stomach. Histopathology 1989;14:61-6.

64 Bryan RL, Allcock PA, Crocker J, Shenoi PH. Nucleolar
organiser regions in squamous tumours of the pharynx
and larynx. J Clin Pathol 1989;42:218.

65 Crocker J, McGovern J. Nucleolar organiser region in
normal, cirrhotic and carcinomatous livers. J Clin Pathol
1988;41:1044-8.

66 Egan M, Freeth M, Crocker J. Intraepithelial neoplasia,
human papilloma virus infection and argyrophilic
nucleoprotein in cervical epithelium. Histopathology
1988;13:561-7.

67 Rowlands DC. Nucleolar organising regions in cervical
intraepithelial neoplasia. J Clin Pathol 1988;41:1200-2.

68 Wood A, Egan M. The silver colloid technique applied to
endocervical tissue. Histopathology 1989;15:306-8.

69 Kinsey N, Randall B, Brown JR. AgNOR counts in
mucinous tumours [abstract]. J Pathol 1988;155:345A.

70 Coumbe A, Mills BP, Brown CL. Nuclear organiser regions
in endometrial hyperplasia and neoplasia [abstract].
J Pathol 19884155:341A.

71 Loftus B, Dervan P, Tobin B, et al. AgNOR quantitation
and PLAP to identify in situ carcinoma of testis. In:
Abstracts ofXVIIIIhternational Congress of International
Academy of Pathology and 8th World Congress ofAcademic
and Environmental Pathology 337.

72 Clark WH, Elder DE, Guerry D, Epstein MN, Greene MH,
Van Horn M. A study of tumour progression: the pre-
cursor lesion of superficial spreading and nodular
melanoma. Hum Pathol 1984;15:1147-65.

73 Ackerman AB. What naevus is dysplastic, a syndrome and
the commonest precursor of malignant melanoma? A
riddle and an answer. Histopathology 1988;13:241-56.

74 Fallowfield MC, Cook MG. The value ofnucleolarorganiser
regions staining in the differential diagnosis of borderline
melanocytic lesions. Histopathology 1989;14:299-30.

75 Howat AJ, Giri DD, Wright AL, Underwood JCE. Silver
stained nucleoli and nucleolar organiser region counts are
of no prognostic value in thick cutaneous malignant
melanoma. J Pathol 1988;156:227-32.

76 Bryan R, Crocker J. Nucleolar organiser regions in kidney
tumours andxanthogranulomatous pyelonephritis J Clin
Pathol 1990;43:147-8.

77 Peebles SA, McNichol AM. AgNOR counts in rat anterior
pituitary corticotrophs following bilateral adrenalectomy
[abstract].J Pathol 1988;155:346A.

78 Dodd S, Mills BP, Moore RH. Tubular changes in early
renal allograft dysfunction: assessment using tubular
epithelial nucleolar organiser region counts [abstract].
J Pathol 1988,155:348A.

79 Bostock DE, Crocker J, Harris K, Smith PJ. Nucleolar
organiser regions as indicators of post surgical prognosis
in canine spontaneous mast cell tumours. Br J Cancer
1989;59:915-8.

232

 on M
ay 23, 2023 by guest. P

rotected by copyright.
http://thorax.bm

j.com
/

T
horax: first published as 10.1136/thx.45.3.225 on 1 M

arch 1990. D
ow

nloaded from
 

http://thorax.bmj.com/

