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Interphase nucleolar organiser regions and
survival in squamous cell carcinoma of the
bronchus: a 10 year follow up study of 138 cases

D A R Boldy, J G Ayres, J Crocker, J A H Waterhouse, M Gilthorpe

Abstract
Background Good prognostic indi-
cators for patients with squamous cell
carcinoma of the lung would help to
determine the most appropriate treat-
ment for individual patients.
Methods A silver colloid technique that
shows interphase nucleolar organiser
regions (AgNORs) has been applied to
representative paraffin sections from 138
cases of squamous cell carcinoma of the
bronchus treated by surgical resection of
the primary tumour at East Birming-
ham Hospital in 1977. Of the 138 patients,
23 (17%) were alive 10 years after their
operation.
Results The mean (SD) AgNOR count
per cell was significantly higher for all
grades of malignancy (well differentiated
10-5 (2 6), moderately differentiated 10-7
(3 2), and poorly differentiated 12-7 (4 5))
than for normal pseudostratified colum-
nar epithelium from non-affected areas
(2-3 (0 78)). There was a trend for
AgNOR counts to be higher in poorly
differentiated tumours, but a wide range
of AgNOR counts was observed in all
histological grades. AgNOR counts did
not predict clinical outcome, irrespec-
tive of the stage of the disease, and did
not relate to DNA ploidy or the per-
centage of cells in the proliferation phase
of the cell cycle. Nine of 47 patients
(19%) with tumours classified as DNA
diploid and eight of 63 patients (13%)
with DNA aneuploid tumours were alive
10 years after operation. Principal com-
ponent analysis identified the clinico-
pathological stage of disease as the
variable best related to survival. The
percentage of patients surviving 10 years
was 30% for stage I, 20% for stage II, 10%
for stage IIIa, 9% for stage MUb, and none
for stage IV.
Conclusion The AgNOR technique is
not of prognostic value in postoperative
patients with squamous cell carcinoma
of the bronchus.

The nucleolus is formed by the association
of chromosomal regions known as nucleolar
organiser regions (NORs), which contain the
ribosomal RNA genes. Their interphase
counterparts are the fibrillar centres, and both
these and the nucleolus are often abnormal in
malignant cells.'2 A simple silver colloid tech-
nique3 has been used recently by pathologists

to stain proteins associated with nucleolar
organiser regions; in interphase cells at the
light microscope level these areas appear as
small black dots, known as AgNORs. Pre-
vious work has shown that higher AgNOR
counts per cell nucleus are observed in malig-
nant tissue than in benign tissue.46 In addi-
tion, AgNOR counts may relate to the degree
of tumour differentiation in neuroblastomas'
and to markers of cell proliferation in non-
Hodgkin's lymphomas.' It has been suggested
that the AgNOR method may be of prognostic
value in neuroblastomas,7 breast carcinomas,9
and renal cell carcinomas,'0 and in spontan-
eous mast cell tumours in dogs,"1 though
apparently not in some other malignant dis-
eases in man.'2"5 Studies on malignant
mesothelioma4 and small cell carcinoma of the
bronchus6 have suggested that the AgNOR
method may be of diagnostic value, but there
have been no studies in relation to prognosis
for pulmonary tumours.
This study was undertaken to determine

whether the AgNOR counts obtained from
routine histological sections of squamous cell
bronchial carcinoma relates to the histological
differentiation of the tumour and whether the
AgNOR method might be useful as an indi-
cator of postsurgical survival in this condition,
which is still the most commonly fatal malig-
nancy in the United Kingdom.'6

Methods
SELECTION OF PATIENTS AND DEMOGRAPHIC DATA
Patients treated by surgical resection of
squamous cell carcinoma of the bronchus at
East Birmingham Hospital in 1977 were iden-
tified. After consent had been obtained from the
thoracic surgeons responsible for the care ofthe
patients, further information was collected by
examination of the hospital case notes and the
West Midlands Regional Cancer Registry
forms. The data collected included the age and
sex of the patient and the type of operation
performed; pathological TNM staging was
undertaken independently by two of the auth-
ors, who used the recent UICC classification.'7
Where there was disagreement, all available
data were re-examined for a consensus opinion.
The operation notes and the histopathological
report forms were used to provide details
concerning the completeness of tumour resec-
tion, which was classified as: (1) complete
resection; (2) resection leaving microscopic
disease (tumour present at the resection line on
the specimens examined); and (3) resection
leaving macroscopic disease (tumour left in
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chest at the end of the operation). The West
Midlands Cancer Registry was contacted to
provide data on the clinical outcome, including
cause of death from the death certificate, for all
patients. Deaths in the first 30 days after
surgery were regarded as postoperative deaths
and were not included in the subsequent
analysis. Patients were classified as having died
as a result of their tumour if such a diagnosis
was mentioned in part I of the death certificate.
The original haematoxylin and eosin slides
were re-examined by one histopathologist (JC)
to confirm the diagnosis of squamous cell car-
cinoma. One tumour was reclassified as a malig-
nant haemangiopericytoma and was excluded
from the study. If the quality of the original
slides was regarded as poor, fresh sections were
cut, stained, and examined. One section, which
was representative of the tumour as a whole,
was selected for further study and was classified
as showing tumour that was well differentiated,
moderately differentiated, or poorly differ-
entiated. Areas of normal pseudostratified
columnar epithelium were also identified where
possible.

AGNOR STAINING AND COUNTING
Sections of 3 im were obtained from each
paraffin block selected for histological classifica-
tion and stained by our standard technique.'8
Briefly, the sections were dewaxed in ethanols
and taken to water. Gelatin dissolved in 1%
formic acid to produce a 2% solution was
mixed with 50% aqueous silver nitrate in a 1:2
ratio and immediately placed on the specimens.
The sections were incubated for 35 minutes in
safelight (Kodak 1A) conditions, washed in
distilled deionised water, taken to xylene, and
mounted in a synthetic medium. The number
of cells to be counted was determined by the
moving mean method, and 50 cells of defined
type (tumour cells or normal epithelium) per
specimen were counted as described pre-
viously,l8 at a magnificationof x 1000 under oil
immersion. To assess the reproducibility ofthe
counting method, the first 20 specimens were
recounted in random order after an interval of
six months by the same investigator.

DNA FLOW CYTOMETRY
From the same paraffin block used for histo-
logical classification and AgNOR counting a
60 gm section was cut and single cell suspen-
sions were prepared by the method of Hedley
and colleagues.'9 The cells were stained with
0-05% propidium iodide solution in 0 1%
sodium citrate with 1 mg/ml RNase (R 4875,
Sigma Chemical Co, Poole). An equivalent
amount of fixing buffer (0-1% Triton-X 100 in
phosphate buffered saline, containing 0 07%
paraformaldehyde) was added. The samples
were placed in ice until DNA flow cytometry
was undertaken, a Becton-Dickinson FACS
440 being used with the argon laser set at an
excitation wavelength of 480 nm and an emis-
sion wavelength of560-650 nm. At least 30 000
events were counted. The coefficient of varia-
tion for the main GO/GI peak was calculated by
means of integral software. Tumours were
classified as DNA aneuploid if a discernible
peak was visible that was separate from the

main GO/GI peak of normal cells or if the
apparent G2M peak channel:GO/GI peak
channel ratio was greater than 1 1 or less than
0-9. For tumours with a normal DNA content
(DNA diploid) the percentage of proliferating
cells was calculated by the method of Baisch
et al.20

ANALYSIS
Student's unpaired t test was used to analyse
differences in AgNOR counts between normal
epithelium and tumour subgroups on the basis
of histological differentiation, with 95% con-
fidence intervals calculated by the method of
Gardner and Altman.2" Wilcoxon's rank sum
test for unpaired groups was used to determine
whether the percentage of proliferating cells in
diploid tumours related to prognosis. For uni-
variate analysis with respect to the patients'
survival the data were age adjusted22 and the log
rank test was used to determine significance.23
Relationships between the various quantities
were analysed by the use of correlation coef-
ficients. Principal component analysis24 was
used from the correlation matrix to produce,
as new factors, several linear combinations
(eigenvectors) ofthese quantities such that they
account for, in descending order, fractions of
the overall original variability.

Table I Datafor 138 patients with squamous cell
carcinoma of the bronchus treated by surgical resection in
1977

Age (y): mean (SD) 60-6 (6 6)
range 40-73

No (%)
Male 124 (89 9)
Female 14 (10-1)
Lobectomy 79 (57-2)
Pneumonectomy 56 (40 6)
Stage I 47 (34-1)

II 49 (35-5)
IIIA 27 (19-6)
IIIB 11 (8-0)
IV 4 (2 9)

DNA diploid 47 (42 7)
DNA aneuploid 63 (57 3)
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Figure I Survival of 138 patients with squamous cell
carcinoma of the bronchus treated by surgical resection in
1977.
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Results
The demographic data are summarised in table
1. Of the 138 patients undergoing surgical
resection, 17 died in the first 30 days after
surgery. Follow up was complete, apart from
one patient who was lost to follow up after 1 10
months; 33 (27%) patients were alive at five

Figure 2 Factors with a
significant effecton survival
(postoperative deaths
excluded) in 138 patients
with squamous cell
carcinoma of the bronchus
treated by surgical
resection in 1977: A-
stage of disease; B-extent
of tumour resection; C-
operation performed.

c.
C._

A
Stage (n = 43)

- Stage II (n = 46)
Stage IlIl (n = 31)

years and 23 (17%) were alive at 10 years (fig 1).
Of the 99 deaths during the follow up period,
carcinoma of the bronchus was reported as the
main cause of death in 85 patients. A good
prognosis was associated with a lower disease
stage (X2 = 9.7, df = 3, p < 0 025 at 10 years;
fig 2A), complete resection of the tumour (X2 =
15-5, df = 2, p < 0-001 at 10 years; fig 2B),
and pneumonectomy rather than lobectomy
(X2 = 4-1, df = 2, p < 005 at 10 years, fig 2C).
The degree of histological differentiation (fig
3A) and DNA ploidy (fig 3B) did not relate to
outcome. For DNA diploid tumours with less
than 10% of cells in the proliferating phase the
median survival was 32 months compared with
15-5 months for tumours with 10% or more of
proliferating cells (Z = 2-14, p < 002).
Good AgNOR staining was produced in all

but 10 cases; in these specimens we could not
produce an adequate stain despite at least six
attempts.

Eleven areas of normal pseudostratified
columnar epithelium were also identified. The
results of the AgNOR counts for the 117
specimens that could be classified into one
histological group are shown in figure 4, higher
AgNOR counts being observed in all tumour
subgroups than in normal epithelium (p <
0-0001). Although AgNOR numbers tended to
be higher in the less well differentiated tumours
(well differentiated (mean (95% confidence

.5 60-

S 40-
25 r

20

Figure 3 Factors with no
observed effect on survival
(postoperative deaths
excluded) in 138 patients
with squamous cell
carcinoma of the bronchus
treated by surgical
resection in 1977:A-
histological differentiation;
B-DNA ploidy.
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Figure 4 Mean AgNOR counts per cell nucleus in
normal pseudostratified columnar epithelium (n = 11)
and in well differentiated (n = 13), moderately
differentiated (n = 56), andpoorly differentiated
(n = 38) squamous cell carcinoma of the bronchus.
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to survival in the group as a whole (fig 7). When

patients were subdivided by stage of disease
vbi* there was no correlation between the AgNOR
t count and survival, even for patients with stage

)PI * I disease and apparently complete removal of
the tumour (fig 8). AgNOR counts were similar

,4;yin DNA diploid (mean (SD) count 11-4 (3 8))
and DNA aneuploid (1 12 (3 4)) tumours. For
DNA diploid tumours there was no correlation
between AgNOR score and the percentage of

-* proliferating cells (r = 0-108).
i*-*<^ ?The eigenvectors obtained from the correla-

tion matrix are shown in table 2, in descending

*t order of proportional variance. These vectors
are nearly equal contributors to the total vari-
ance and account for over 60% of it. They

^ ' indicate the grouping of factors causing the
variance and their interrelations. In vector 2
(which accounts for 21-3% of the original
variance) the weightings for survival (- 0588)
and for stage of disease (0 598) are substantial.
These two weights are the highest of all (except

that for age in vector 3), and show that survival
is linked most closely with disease stage (the
higher the stage the shorter the survival).

4v ..'W

4..

. ,

A

Figure 5 Squamous cell carcinoma of the bronchus stained by the
staining method: A-AgNORs aggregated into nucleolar structure
dispersed throughout the nucleus.

interval) 10 5 (8-9-12-1), mc
tiated 10 7 (9 9-11 5), and pc
12-7 (11-3-14 1)), the range
in each histological subgro
there was considerable ove
groups (fig 4). Higher scorc

with AgNOR dots scattere
nucleus rather than concen

nucleoli (figs 5A and 5B). Rel
specimens after an interv.
showed that there was good a
the two counts (mean differt
ficient of variation 11 1%),
ference between the two cou

to the mean number of Ag]
counts (fig 6). AgNOR score

^-- Discussion
Carcinoma of the bronchus remains the major
cause of death from malignant disease in the
United Kingdom.'6 For most patients with
non-small cell carcinoma of the bronchus sur-
gical resection offers the greatest possibility of

> * cure.2526 Even in reported series the five year

survival is only 24.5-32%.2*28 Indicators of
prognosis are much sought after to improve
clinical practice by enabling doctors to decide
on the most appropriate treatment. For bron-

AgNOR silver chial carcinoma accurate tumour staging at the
s; B-AgNORs time of diagnosis is a powerful indicator of

prognosis, though this may be affected by the
)derately differen- histological type of tumour.27 To remove the
orly differentiated effect ofhistological cell type from this study we
of AgNOR scores deliberately studied only squamous cell carcin-
iup was wide and omas. More recently, it has been suggested that
!rlap between the DNA ploidy is also an important prognostic
es were associated indicator in non-small cell carcinoma of the
d throughout the bronchus.29 30 This study confirms the value of
itrated in obvious accurate p-TNM staging as a prognostic indi-
peat counting of20 cator for squamous cell carcinoma of the
al of six months bronchus, but failed to show that DNA flow
igreement between cytometry was useful in this context. Even for
ence + 0-29, coef- stage I tumours in this series no relationship
and that the dif- could be detected, a finding also reported by van
nts was not related Bodegam and colleagues.3' A possible explana-
NORs for the two tion for this is that suggested by Carey and
es were not related coworkers,32 who have shown that examination

Figure 6 AgNOR counts
in squamous cell carcinoma
of the bronchus:
repeatability of the
counting technique,
expressed as the absolute
difference between two
counts compared with the
mean of each pair of counts
(n = 20).
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Figure 7 AgNOR counts and survival (excluding postoperative deaths) in 138
patients with squamous cell carcinoma of the bronchus treated by surgical excision in
1977.

of a single section from a bronchial carcinoma
may result in substantial underreporting of
DNA aneuploid tumours. Thus DNA ploidy
based on biopsy specimens should be treated
with caution, whereas excision and analysis of
the whole tumour after surgery may provide
useful information.
NORs are chromosomal segments contain-

ing the ribosomal RNA genes that are situated
on the five acrocentric chromosomes in man
(chromosomes 13-15, 21 and 22), and can be
demonstrated easily in metaphase spreads by in
situ hybridisation with rRNA. These regions
can also be demonstrated by means of the silver
staining technique described above, which
stains the acidic proteins associated with the
ribosomal RNA genes. Several proteins have
now been identified, including RNA poly-
merase I and nucleolin (previously known as
C23 protein). These proteins bind the silver in

the stain by virtue of their carboxyl and sul-
phydryl groups. The DNA of these regions is
transcribed into the 45S rRNA, which is split
subsequently into the 18S and 28S subunits
constituting the major components of the
ribosomes. The function of the NOR asso-
ciated proteins is uncertain, but it is thought
that they may regulate transcription of rDNA
and thereby reflect nuclear and cellular activity.
This study again confirms that AgNOR counts
are much higher in malignant tissue than in
benign tissue.45 In addition, there was a trend
for higher AgNOR counts to be observed in
more poorly differentiated tumours, a finding
similar to that reported by Egan and colleagues
for cervical intraepithelial neoplasia."
The higher AgNOR counts reflect, in the

main, wide dispersal of the AgNOR dots
throughout the nucleus, rather than a large
number associated together in the nucleolus, in
keeping with the report for breast carcinomas.9
There are several possible causes for the raised
AgNOR counts in interphase cells. Firstly, an
overall increase in chromosomal numbers
might produce an increase in NOR bearing
chromosomes and thus interphase AgNORs; a
cytogenetic and histopathological study of 13
patients with non-Hodgkin's lymphoma,
however, showed no consistent relation be-
tween these two.34 DNA ploidy is an indirect
measure of total chromosomal DNA and we,
like other workers,'5 did not observe higher
AgNOR counts in aneuploid than in diploid
tumours. A second possibility is that the num-
ber of discernible AgNORs may increase in the
premitotic and postmitotic phases of the cell
cycle as the chromosomes disaggregate and
reorganise, an increase in AgNOR numbers
thus reflecting an increase in cell turnover or
proliferation. Sequential staininghas confirmed
that higher AgNOR counts are found in pro-

Figure 8 AgNOR counts
and survival in patients
with stage I squamous cell
carcinoma of the bronchus
and total clearance of the
tumour by surgery
(n = 30).
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Table 2 Eigenvectors and proportion of original
variance for 138 patients with squamous cell carcinoma of
the bronchus treated by surgical resection in 1977

Vector

1 2 3

Length of survival 0-086 -0-588 -0-352
Age of patient 0 416 0-039 -0 612
Stage of disease -0-234 0-598 0-025
Histological subgroup 0-564 0-188 0 412
AgNOR count 0-464 -0-290 -0 470
DNA ploidy 0-482 0-420 -0-331
Proportion of

original variance 0 220 0-213 0-194

liferating cells than in cells in the resting phase
of the cell cycle.35 A strong correlation has been
observed between AgNOR counts and the
mitosis-karyorrhexis index for neuroblas-
tomas' but not for breast carcinomas.36 Other
markers of cell proliferation, such as Ki67 and
the percentage of S phase cells, correlate well
with AgNOR counts in non-Hodgkin's lym-
phoma537 but not in other tumours, such as

carcinomas of the breast38 and rectum.'5 There
was no correlation between proliferating cells
and AgNOR counts in this study, but AgNOR
counts may be affected by the presence of
inflammatory cells, which are also examined by
DNA flow cytometry. A third possibility is that
AgNOR counts reflect the degree of cellular
differentiation.39 When promonocytic U937
cells were incubated with each of three different
inducing agents the AgNOR scores were
reduced.39 When the cytokines were removed
from the culture AgNOR scores increased
again as the cells returned to their undifferen-
tiated state. Fourthly, the increased AgNOR
count might reflect an increase in transcrip-
tional activity. The final possibility is a defect in
nucleolar organisation,40 resulting in nucleolar
disorganisation. Neither of these last two pos-
sibilities can be examined from the present
data.
Our study did not show any association

between the mean AgNOR count and survival,
irrespective of the stage of the disease or the
completeness of resection; this suggests that
AgNOR counts throw no light on the prognosis
after surgery in squamous cell carcinoma of the
bronchus. There have been three studies with
small numbers of patients, on embryonal
rhabdomyosarcoma,'2 Ewing's sarcoma of
childhood,'3 and thick cutaneous malignant
melanoma,'4 and one large study of 100 patients
with rectal adenocarcinoma,'5 in which no
association was found between AgNOR counts
and survival. In contrast, the AgNOR count
was related to prognosis in a study of 20
neuroblastomas, though no data were included
on therapeutic interventions.7 In mast cell
tumours in dogs treated by complete excision
of the primary growth the AgNOR count was a

good predictor of whether the tumour would
recur, though little better than the histological
grade of the tumour or the mitotic index." A
large study of 182 cases of renal cell carcinoma
has shown that the AgNOR count was a

significant predictor of survival, independent of
the stage of the tumour.'0 Thus there is still

doubt about the value of the AgNOR count as a

prognostic indicator and further studies are

required on large series of patients to help
to define the role of this technique in histo-
pathological practice.

This work was supported in part by a grant from the Chest,
Heart, and Stroke Association.
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