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Abstract
Aims—To see whether a correlation exists
between clinicopathological parameters,
argyrophilic nucleolar organiser regions
(AgNORs), and nucleolar counts in the
nuclei of tumour cells in patients with
transitional cell bladder carcinoma.
Methods—ParaYn wax embedded sec-
tions from a total of 62 cases of primary
transitional cell bladder carcinoma were
stained with the silver colloid method. The
numbers of individual silver grains (Ag-
NORs) in nucleoli and the numbers of
nucleoli were counted in 100 nuclei. The
correlation between AgNORs and nucleo-
lar counts and patients’ sex, tumour
grade, disease stage, recurrence pattern,
and tumour related survival was analysed.
Results—The numbers of nucleoli in
tumour cells were higher in male patients
(p < 0.032). AgNOR numbers correlated
with tumour grade (p = 0.017) and recur-
rence (p = 0.046). In multivariate analy-
sis, the variation coeYcient of AgNOR
scores was found to be the only independ-
ent predictor of the duration of tumour
free period in patients with recurrent dis-
ease (p < 0.002). AgNOR scores and nu-
cleolar counts were of no value in
distinguishing superficial and invasive
tumours or in predicting tumour related
survival.
Conclusions—AgNOR scores in transi-
tional cell bladder carcinoma reflect vari-
ations in tumour biological behaviour;
however, the clinical value of this tech-
nique in patients with urinary bladder
carcinoma is limited.
(J Clin Pathol: Mol Pathol 2000;53:129–132)
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The natural course of transitional cell bladder
cancer is highly variable. The clinical approach
to treatment is based mainly on the tumour
stage and grade.1 2 However, the data obtained
from these parameters are insuYcient to
predict the biological behaviour of an indi-
vidual tumour. Therefore, additional criteria
have been proposed as potential instruments
for more accurate grading.3 Argyrophilic nu-
cleolar organiser regions (AgNORs) are seg-
ments of DNA that are sites of ribosomal RNA
transcription. Counting silver stained inter-
phase AgNORs provides an estimate of cellular
proliferation, and has been found to correlate
with tumour grade and stage, and to bear inde-
pendent predictive value in patients with

urinary bladder carcinoma.4 However, the data
obtained are controversial.5–7

The aim of our study was to estimate how
the AgNOR and nucleolar counts in the
tumour cells of transitional cell bladder carci-
noma correlate with patients’ sex, tumour
grade, disease stage, recurrence pattern, and
tumour related survival.

Materials and methods
Our study comprised 62 patients (48 men and
14 women), mean age 63.9 years (range,
32–88), with primary transitional cell bladder
carcinoma who had been operated upon in the
urological department, State Pavlov Medical
University between 1985 and 1990. Patients
were included if their specimens contained suf-
ficient tumour material for AgNOR staining
and if they could be followed for at least five
years. Patients with invasive neoplasia were
treated by radical and partial cystectomy. In
cases with superficial tumours, transurethral
resection was performed.

Follow up examination of patients with pre-
served bladder included cystoscopy every three
months during the first year after surgery, cys-
toscopy every six months for the next two
years, and then ultrasound sonography of the
bladder followed by cystoscopy in suspect cases
every one to two years. Thirty eight patients
survived five years. Thirty seven patients devel-
oped recurrences, the mean (SD) recurrence
rate being 24.8 (24.1) months (range, 2–90).

TISSUE

The tumour samples were fixed in 10%
buVered formalin and embedded in paraYn
wax. Sections (5 µm thick) were stained with
haematoxylin and eosin. The tumours were
graded as recommended by Mostofi and
colleagues8 and staged postoperatively accord-
ing to the TNM staging system.9 In 17 cases,
specimens were too small to confirm the
tumour stage.

AgNOR STAINING AND COUNTING

Sections (5 µm thick) cut in series with the
haematoxylin and eosin stained sections were
fixed in methanol/acetic glacial acid mixture
(3/1) for 15 minutes and rinsed thoroughly
with distilled water. After air drying, the
sections were transferred to 2% formic acid
and incubated for 10 minutes, rinsed again,
and impregnated with silver nitrate solution,
according to Howell and Black,10 with a slight
modification, namely: two drops of gelatin
solution were placed on the slide and mixed
with four drops of freshly prepared 50% aque-
ous AgNO3 solution. The slides were covered
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by cover glasses, placed on to filter paper in a
wet chamber (Petri dish), and incubated at
36°C for 18–20 minutes. The cover glasses
were washed with distilled water. Then the
slides were lightly counterstained in 2%
Giemsa/phosphate buVer solution (pH = 6.8)
for 10 seconds, rinsed three times in distilled
water, air dried, and mounted. The numbers of
individual silver grains (AgNORs) in nucleoli
and the numbers of nucleoli in 100 nuclei were
counted under oil immersion at a magnifica-
tion of ×1000, after sharp focusing of the fine
granular nuclear matrix.

STATISTICAL ANALYSIS

The mean numbers, maximum numbers, and
variation coeYcients (CV) of AgNORs and
nucleoli of all nuclei for each section were cal-
culated and expressed as the mean (SD). The
student’s t test, ANOVA/ANCOVA, log rank
analysis, and multiple regression coeYcients
were applied.

Results
AgNOR and nucleolar scores were of no value
in predicting death from transitional cell carci-
noma. There was a significant increase in the
mean AgNOR counts from grade I to grade II
(t = 2.418; p < 0.020) and grade III
(t = 2.334; p < 0.023). AgNOR counts over-
lapped (table 1), mainly between grades II and
III. The strong correlation between AgNOR
mean values and tumour grade was confirmed
by ANOVA/ANCOVA (F = 4.325; p = 0.017),
whereas the distribution of nucleoli was not
dependent upon the grade. Neither mean
AgNOR count nor nucleoli numbers could be
used to distinguish between patients with
superficial or invasive tumours because of con-
siderable overlap (table 2). However, a signifi-
cant diVerence between pT2 and pT3 tumours
was found for both parameters (t = 3.490;
p = 0.003 and t = 2.169; p = 0.047, respec-
tively) as well as for mean AgNOR scores
between pTa and pT3 (t = 4.558; p = 0.001).

The mean AgNOR counts were not related
to patients’ sex (table 3); however, the numbers
of nucleoli in tumour cells were higher
(t = 2.108; p = 0.039) in male patients (fig 1).
The significance of the male to female
diVerence of nucleolar distribution was also
supported by multiple regression analysis
(R2 = 0.65; F = 4.87; p < 0.032).

The mean and maximum values of AgNOR
counts and numbers of nucleoli showed
overlap in patients with and without recur-
rences (table 4). However, patients with recur-
rences harboured the tumours with higher
AgNOR and nucleolar scores. Significant
diVerences were found between maximum
AgNOR scores (t = 2.039; p = 0.046) (fig 2A)
and nucleolar scores (t = 2.530; p = 0.014) (fig
2B).

Of note, is that the CV of AgNOR scores in
multiple regression analysis was strongly corre-
lated with duration of the tumour free period in
patients with recurrent disease (R2 = 0.24;
F = 12.17; p < 0.002) (fig 3).

Discussion
AgNORs are segments of DNA that transcribe
ribosomal RNA. The numbers of these regions
in each nucleus correlate with cellular activity
and, therefore, may serve as an indicator of the
degree of malignant potential in tumours.11 12

In our study, we found that higher grade
tumours tended to have higher AgNOR scores
than their low grade counterparts, presumably
because of the higher proliferation status of less
diVerentiated carcinomas. The diVerence be-
tween grades I–II and I–III was evident;
however, it was not found between grades II
and III. The latter observation might reflect a
slight diVerence in proliferation states between

Table 1 Mean numbers of AgNOR scores and numbers of
nucleoli as related to histological grade

Grade AgNOR score Numbers of nucleoli

G1 (n = 4) 9.04 (2.97) 1.64 (0.37)
G2 (n = 6) 12.88 (6.84) 11.18 (3.15)
G3 (n = 15) 11.18 (3.15) 1.66 (0.25)

Values are mean (SD).
AgNOR, argyrophilic nucleolar region.

Table 2 Distribution of AgNOR scores and numbers of
nucleoli as related to pathological stage

Stage AgNOR score Numbers of nucleoli

pTa (n = 8) 8.26 (1.69) 1.66 (0.46)
pT1 (n = 15) 11.23 (5.02) 1.74 (0.41)
pT2 (n = 11) 8.59 (2.48) 1.51 (0.20)
pT3 (n = 16) 12.70 (1.95) 1.74 (0.23)
pT4 (n = 5) 10.29 (3.36) 1.53 (0.19)

Values are mean (SD).
AgNOR, argyrophilic nucleolar region.

Table 3 Mean numbers of AgNOR scores and nucleoli as
related to patients’ sex

Sex AgNOR score Numbers of nucleoli

Men (n = 48) 9.89 (3.31) 1.69 (0.34)
Women (n = 14) 9.88 (4.96) 1.48 (0.34)

Values are mean (SD).
AgNOR, argyrophilic nucleolar region.

Figure 1 Mean numbers of nucleoli in tumour cells in
male and female patients with bladder carcinoma.
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Table 4 Mean and maximum values of AgNOR scores and numbers of nucleoli as related
to recurrence pattern

Pattern

AgNOR score Numbers of nucleoli

Mean Maximum Mean Maximum

No recurrence (n = 25) 8.77 (3.20) 20.38 (7.10) 1.53 (0.26) 3.43 (0.81)
Recurrence (n = 37) 10.36 (3.96) 25.64 (10.53) 1.71 (0.39) 4.08 (1.01)

Values are mean (SD).
AgNOR, argyrophilic nucleolar region.
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grades II and III, and to some extent might be
explained by the subjectiveness of grading as a
qualitative method, with considerable intraob-
server and interobserver variations.

The AgNOR scores and numbers of nucleoli
showed a trend to increase with tumour
pathological stage; however, significant diVer-
ences in the counts were noticed only between
deeply invasive (pT3) and more superficial neo-
plasms. This finding might be explained by the
close relation between histological grade and
pathological stage (p < 0.001). Therefore the
association of AgNORs with tumour stage was
mainly secondary to their relation to tumour
grade. Of note, was a reduction in AgNOR and
nucleolar counts in T4 tumours which, although
not significant, could indicate a decrease of pro-
liferation state of highly extensive neoplasms.

The dissimilarity between nucleolar distri-
bution seen in male and female patients is not
completely understood. It is known that
bladder cancer is nearly three times more com-
mon among men than women, a fact that might
be explained by diVerences in genetic
mechanisms,13 hormonal status,14 or an ana-
tomical predisposition to urinary retention and
exposure to industrial and environmental
carcinogens in men. Our findings suggest that
there is a higher proliferation potential of blad-
der neoplasms in men. We have also observed a
lower rate of tumour related survival in men
than in women (log rank analysis: p = 0.005),
presumably associated with higher cellular
activity in men, which can be measured, to a
certain extent, by nucleolar silver staining.

AgNOR counts and numbers of nucleoli were
highest in tumours from patients with recurrent
disease, therefore supporting their high malig-
nant potential. However, in multiple regression
analysis mean and maximal AgNOR scores, his-
tological grade, and pathological stage did not
predict the duration of the disease free period.
The sole predictor found was the CV of the
AgNOR score, demonstrating that in our study a
recurrent course of urinary bladder carcinoma
was predominantly related to high heterogeneity
of cell proliferation states. It has been shown
recently that proliferating cell AgNORs have a
predictive value for local recurrence in patients
with superficial bladder tumours.15

In conclusion, we have shown that AgNOR
counts in transitional cell urinary bladder car-
cinomas are closely related to the histological
grade and indirectly to the depth of tumour
invasion, but not to tumour related survival.
We also found a correlation between nucleolar
distribution and the patient’s sex, indicating
potential diVerences in proliferative activity
between urinary bladder carcinoma in men
and women. We found that interphase AgNOR
counts cannot be used to distinguish patients
with and without a recurrent course of disease.
However, the CV of the AgNOR score was
found to be the best predictor of the duration
of recurrence free period. These findings
suggest that AgNOR scores give additional cell
kinetic information in patients with urinary
bladder carcinoma and reflect variations in
tumour biological behaviour. However, the
clinical value of this technique is limited.

Figure 2 (A) Maximum numbers of argyrophilic
nucleolar organiser regions (AgNORs) in tumour cells of
patients with recurrent and non-recurrent bladder
carcinoma. (B) Maximum numbers of nucleoli in tumour
cells of patients with recurrent and non-recurrent bladder
carcinoma.
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Figure 3 Correlation between variation coeYcient (CV)
of argyrophilic nucleolar organiser region (AgNOR) score
and duration of tumour free period in patients with
recurrent urinary bladder carcinoma.

50

45

35

40

30

20

25

15

10

0

5

50

CV of AgNOR score (%)

Y = 115.86 – 1.17 × X

Ti
m

e 
to

 r
ec

u
rr

en
ce

 (
m

o
n

th
s)

454030 35

AgNORs and bladder carcinoma 131

 on M
ay 24, 2023 by guest. P

rotected by copyright.
http://m

p.bm
j.com

/
M

ol P
ath: first published as 10.1136/m

p.53.3.129 on 1 June 2000. D
ow

nloaded from
 

http://mp.bmj.com/


1 Kern WH. The grade and pathologic stage of bladder can-
cer. Cancer 1984;53:1185–9.

2 Skinner DG. Current perspectives in the management of
high grade invasive bladder cancer. Cancer 1980;45:1866–
74.

3 Wolf H. Prognostic factors in bladder carcinoma. Scand J
Urol Nephrol 1991;138:153–60.

4 Lipponen PK, Eskelinen MJ, Nordling S. Nucleolar organ-
iser regions (AgNORs) as predictors in transitional cell
bladder cancer. Br J Cancer 1991;64:1139–44.

5 Cairns P, Suarez V, Newman J, et al. Nucleolar organiser
regions in transitional cell tumours of the bladder. Arch
Pathol Lab Med 1989;113:1250–2.

6 Ooms ECM, Veldhuizen RW. Argyrophilic proteins of the
nucleolar organiser region in bladder tumors. Virchows
Arch A Pathol Anat Histol 1989;414:365–9.

7 Hansen AB, Bjerregaard B, Ovesen H, et al. AgNOR counts
and histological grade in stage pTa bladder tumours: repro-
ducibility and relation to recurrence pattern. Histopathology
1992;20:257–62.

8 Mostofi FK, Sobin LH, Torloni H. Histological typing of uri-
nary bladder tumours. International histological classification
oftumours, 10th ed. Geneva: World Health Organisation,
1973.

9 Sobin LH, Wittekind C. Urinary bladder. In: TNM classifi-
cation of malignant tumours, 5th ed. New York: International
Union Against Cancer, Wiley-Liss, 1997:187–90.

10 Howell WM, Black DA. Controlled silver staining of
nucleolus organiser regions with a protective colloidal
developer: a one step method. Experientia 1980;36:1014–
15.

11 Sivridis E, Sims B. Nucleolar organiser regions: new
prognostic variable in breast carcinomas. J Clin Pathol
1990;43:390–4.

12 Contractor H, RuschoV J, Hanisch T, et al. Silver-stained
structures in prostatic carcinoma: evaluation of diagnostic
and prognostic relevance by automated image analysis.
Urol Int 1991;46:9–12.

13 Risch A, Wallace DMA, Sim E. Slow N-acetylation
genotype is a susceptibility factor in occupational and
smoking related bladder cancer. Hum Mol Genet 1995;4:
231–6.

14 Cantor KP, Lynch CF, Johnson D. Bladder cancer, parity,
and age at first birth. Cancer Causes Control 1992;3:57–62.

15 Tomore M, Shimazui T, Uchida K, et al. Argyrophilic
nucleolar organiser region in proliferating cells has a
predictive value for local recurrence in superficial bladder
tumour. J Urol 1999;162:63–8.

132 Korneyev, Mamaev, Kozlov, et al

 on M
ay 24, 2023 by guest. P

rotected by copyright.
http://m

p.bm
j.com

/
M

ol P
ath: first published as 10.1136/m

p.53.3.129 on 1 June 2000. D
ow

nloaded from
 

http://mp.bmj.com/

