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Nucleolar organiser regions as a marker of growth
rate in squamous cell carcinoma of the lung
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Abstract
Background The numbers of nucleolar
organiser regions (AgNORs) per cell has
been considered as an indicator of the
cellular proliferative activity. A study
was carried out to examine whether
AgNOR numbers relate to the growth
rate in squamous cell carcinoma of the
lung.
Methods AgNORs were stained by a one
step silver method, and examined in
representive paraffin sections from 45
cases of squamous cell carcinoma of the
lung treated by surgical resection of the
primary tumour.
Results The mean (SD) AgNOR num-
bers per cell in squamous cell carcinomas
(5 3 (0 9)) were significantly higher than
those in normal bronchial epithelium (1P2
(0 1)). There was no statistical difference
among tumours ofdifferent post-surgical
stages (stage I=5 2 (0 8), II=5-9 (1P4),
III A= 5 5 (1P3)). The tumour volume dou-
bling time in these cases ranged from 74
to 208 days (120-7 (40 4)). There was a high
inverse correlation between the AgNOR
numbers and doubling time.
Conclusion The AgNOR numbers were
related to the growth rate of squamous
cell carcinoma of the lung. Thus the
AgNOR count could be used as a useful
marker for investigating the cellular
proliferative activity.
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Nucleolar organiser regions (NORs) are loops
of ribosomal DNA (rDNA) that is transcribed
into ribosomal RNA (rRNA). They are known
to exist on the short arms of the five acrocentric
chromosomes (13, 14, 15, 21, and 22). Silver
stained nucleolar organiser regions (AgNORs)
are argyrophilic non-histone proteins asso-
ciated with NORs and include RNA poly-
merase I, C23 protein (nucleolin), and B23
protein.'2 The number of AgNORs in the cell
is believed to reflect nucleolar activity and to be
related to cellular proliferative activity.3
Recently AgNOR numbers have been used to
compare cells in normal, hyperplastic, benign,
borderline, and malignant conditions.' There
was a significant difference inAgNOR numbers
between malignant cells and cells from other
lesions. We reported that theAgNOR numbers
were inversely correlated with the tumour
volume doubling time in lung adenocar-
cinoma.7

In this study we investigated the relation
between AgNOR numbers and growth rate in
squamous cell carcinoma of the lung.

Methods
Specimens of squamous cell carcinoma of the
lung from 45 patients were chosen at random
from routine files in the first department of
medicine ofHokkaido University. Ages ranged
from 54 to 79 (mean 66) years, and only two of
the 45 were women. All patients were treated
by surgical excision. The post-surgical his-
topathological findings and post-surgical stage
were diagnosed according to the classification of
the World Health Organisation' and the Inter-
national Union Against Cancer classification.9
Thirty three patients had post-surgical stage I
carcinoma TINoMo 14 cases, T2NOMO 19 cases),
four patients stage II, and eight patients stage
III A. The tissue sections were cut into slices
4 ,m thick and AgNOR staining was perfor-
med by a one step silver staining method.6
Briefly, the specimens were exposed for 40
minutes at room temperature in the dark to a
freshly prepared solution of one part 2%
gelatin solution in 1% aqueous formic acid to
two parts 50% aqueous silver nitrate solution,
and washed with deionised water, dehydrated,
and mounted. AgNORs were seen as distinct,
silver positive, intranuclear black dots, and
were examined under an oil immersion lens at a
magnification of 1000. One hundred cancer
cells chosen at random were assessed by two
authors (SA and NS) independently, and the
mean number of AgNORs per cell was cal-
culated for each specimen. The growth rate in
squamous cell carcinoma was evaluated from at
least two conventional posteroanterior chest
radiographs with an interval ofmore than three
months. The tumour volume doubling time
(DT) was calculated by using Meyer's for-
mula,'0

DT = t x log 2/3 x log(D./D0),
where t is the time interval between
measurements, Do the mean value of the
longest and shortest perpendicular diameters at
first measurement, and D, the mean diameter at
the last measurement.

Results
The number of AgNORs in the cells of the
squamous cell carcinomas of the lung ranged
from 3-6 to 7-5 (mean (SD) 5-3 (0-9)). The
mean (SD) numbers ofAgNORs in the tumour
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Nucleolar organiser regions as a marker ofgrowth rate in squamous cell carcinoma of the lung

Numbers of nucleolar organiser regions (AgNORs) and doubling time of tumour volume
in patients with squamous cell carcinoma of the lung

No ofAgNORs Doubling time
Case No Age (y) P-stage (mean (SD)) (days)

1 70 I 5-8 (1-4) 112
2 79 I 5-3 (1 2) 89
3 63 I 5-0 (1 6) 61
4 66 I 4 3 (1-6) 174
5 63 I 5-6 (1-5) 74
6 60 I 5-4 (1-6) 77
7 71 I 5-1 (1-7) 109
8 61 I 6 1 (1-4) 94
9 56 I 3-6 (1 2) 208
10 64 I 5-3 (1 0) 104
11 70 I 4-5 (1 1) 166
12 72 III A 4-9 (1-3) 128
13 58 III A 5-5 (1-3) 129
14 67 III A 5 3 (1 2) 119
15 69 IIIA 4-6 (1-2) 165

P-stage--post-surgical stage.89
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Figure 2 Relation between the numbers of nucleolar
organiser regions as shown by the AgNOR method and
the tumour volume doubling time in 15 patients with
squamous cell carcinoma of the lung (r = - 0 79,
p < 0 001).

cells in post-surgical stages I, II, and III A
were 5 2 (0 8), 5-9 (1 4), and 5-5 (1-3). There
was no statistical difference among the three
groups. In stage I the mean number of
AgNORs was 4-8 (0 8) for TINoM0 tumours
and 5-4 (09) for T2NOMO tumours. The mean
number ofAgNORs per cell was a little greater
for T2NoMK tumours than for TINOMO, but the
difference between the two groups was not
significant. Estimation of doubling time was
available for 15 of these 45 patients with
squamous cell lung carcinoma. The mean num-
bers ofAgNORs and the doubling times of the
study patients are shown in the table. The
doubling times ofthese patients ranged from 74
to 208 (mean (SD) 120-7 (40 4)) days. The
mean number ofAgNORs per cell ranged from
3 6 to 6-1 (5 2 (07)). Figure 1 shows the typical
staining pattern of AgNOR dispersal. The
relation between AgNOR numbers and
doubling time is shown in figure 2. A high
inverse correlation was observed between the
mean number of AgNORs and doubling time
(r=-0-79,p < 0-001).

S. -..

Figure I Squamous cell carcinoma of the lung stained by the AgNOR silver staining
method to show the nucleolar organiser regions. All cells contain multiple AgNOR dots,
with a mean count of 5 3.

Discussion
Although conventional clinicopathological
staging or histological grading, or both, may be
useful in the clinical assessment of lung cancer,
these methods do not determine the growth
rate of the tumour in individual patients. The
tumour growth rate has been estimated by the
cellular proliferative activity of the tumour.
The proliferative activity probably best reflects
the potential biological aggression, so that it is
an important factor in the clinical behaviour of
malignant tumours, and knowing the pro-
liferative activity ofcancer cells seems valuable.
The growth rate of lung cancers has been
estimated by measuring the diameter of the
tumour shadow on a chest radiograph'0; deter-
mining the thymidine labelling index";
analysis of DNA content'2; and immunostain-
ing with monoclonal antibodies, such as pro-
liferating cell nuclear antigen,'3 DNA
polymerase o,'4 Ki-67,'5 and bromodeoxyuri-
dine.'6 Immunohistochemical techniques are
very useful for measuring cellular proliferative
activity, but these techniques are not suitable
for clinical practice.

Recently NORs have been detected by
AgNOR staining,'7 because this technique of
one step silver staining is simple and quick and
can be applied to paraffin embedded specimens.
Crocker et al5 first applied this technique to the
assessment of grades of non-Hodgkin's lym-
phoma, and reported that the mean number of
AgNORs per nucleus ofhigh grade lymphomas
was much greater than that of low grade non-
Hodgkin's lymphomas. Other studies have
been made of the histocytological differentia-
tion of benign breast lesions from malignant
breast lesions'8 and benign melanocytic skin
lesions from malignant melanoma.4 The
AgNOR numbers per cell have been shown to
reflect the nuclear and cellular activity. Crocker
et al reported that the mean number of-
AgNORs per nucleus is closely correlated with
the percentage of S phase cells as estimated by
DNA flow cytometry in 20 non-Hodgkin's
lymphomas. '9 Raymond and Leong found a
positive relation between the mean number of
AgNORs per nucleus and the percentage of
monoclonal antibody Ki-67 positive cells in 83
malignant breast tumours.'0 Derenzini et al
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showed that the AgNOR numbers were related
to the growth rate of neuroblastoma cells.2'
These results showed that AgNOR numbers
are closely related to the proliferative activity of
tumour cells. Recently Boldy et al reported that
the mean AgNOR count is not of prognostic
value in postoperative patients with squamous
cell carcinoma of the bronchus.22 Previously we
have shown that the mean number ofAgNORs
is correlated with the doubling time as
estimated by conventional chest radiography in
13 patients with adenocarcinoma of the lung.7
But there was no significant relation between
the mean AgNOR count and survival.23 24

In the present study we showed that the
mean number of AgNORs was satisfactorily
related to the doubling time of squamous cell
carcinoma of the lung. The doubling time in
adenocarcinoma of the lung ranged from 80 to
760 (mean 267) days, and that in squamous cell
carcinoma from 74 to 208 (mean 120) days. The
doubling time was shorter in squamous cell
carcinoma than in adenocarcinoma. These
results are similar to those ofprevious reports,25
but the reason for the difference between the
doubling times in these two diseases has not yet
been clarified. The mean number of AgNORs
ranged from 1 8 to 6-3 (mean (SD) 4 0 (0 8)) in
adenocarcinoma and from 3-6 to 7 5 (5-3 (0 9))
in squamous cell carcinoma. The mean number
of AgNORs was thus greater in squamous cell
carcinoma than in adenocarcinoma. These find-
ings clearly suggest greater proliferative
activity in squamous cell carcinoma cells.
Our study shows that AgNOR numbers are

related to the growth rate of squamous cell
carcinoma of the lung, and can be used as a
marker of the cellular proliferative activity.
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