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In order to assess the prognostic significance of silver-stained
nucleolar organizer region (AgNOR) proteins, a standard-
ised analysis has been performed on 34 ocular globes with
choroidal melanomas. On formalin-fixed paraffin-embedded
sections, the visualisation and quantification of AQNORs
were achieved according to the guidelines of the Commit-
tee on AGNOR Quantification (1995); statistical analysis was
performed on the mean AgNOR area values (NORA). We
have encountered significantly higher NORA values in non-
spindle shaped elements, in tumours of larger dimensions as
well as in those with worse clinical course; no correlations
were achieved when the AgNOR quantity was compared
with age, sex and amount of pigment. The comparison of
Kaplan—Meier survival curves revealed that patients affected
by melanomas with higher NORA values-§.327 um?),
non-spindle cell histotype and increased size of tumour had
a worse prognosis; finally, by Cox multivariate analysis, the
AgNOR quantity appeared the only independent prognostic
variable to predict the final outcome of patients.
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1. Introduction

Silver-stained nucleolar organizer region (AgNOR)
proteins are a set of argyrophilic non-histone proteins
localised in the nucleolar organizer region and associ-
ated with ribosomal genes [8,27]; moreover, the quan-
tity of AQNOR proteins has been demonstrated to be
strictly related to the rapidity of cell proliferation [4,6,
7,20].

The AgNOR technique has been extensively applied
to human neoplasias, even if its diagnostic capability
to discriminate between benign and malignant lesions
is still controversial [9,24]; however, studies concern-
ing the AQNOR applications in neoplastic pathology
have stressed the prognostic value of this histochemi-
cal method [1,2,6,11-13,19,23-25,28].

In ophthalmic neoplastic pathology, the AgNOR
method has been applied to assess the malignancy of
conjunctival and uveal tumours [14,18,29]. In patrtic-
ular, an evident increase of mean AgNOR value has
been reported in conjunctival squamous carcinomas in
comparison with hyperplastic-dysplastic lesions [18],
while malignant uveal and conjunctival melanomas
showed higher mean AgNOR counts than benign nevi
or primary acquired melanosis [14,29]; nevertheless,
the intervening “grey” zone of overlap between Ag-
NOR values in cases of benign and malignant oc-
ular neoplasms limited the extensive application of
AgNOR technique in diagnostic histopathology. Re-
cently, conflicting papers have proposed the AQNOR
technique as a tool to evaluate the prognosis of uveal
melanomas [3,30], although numerical and morpho-
metric AQNOR parameters utilized were not compa-
rable and standardised [3,30]; therefore, in the present
study, we have utilised for the first time the standard-
ised procedure proposed by the European Committee
on AgNOR Quantification [22] in order to assess the
prognostic value of nucleolar silver stained proteins in
these tumours.
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Table 1

Clinico-pathological data and corresponding mean NORA valueg)
in choroidal melanomas

Parameter No. NORA SD P value
Sex NS
Male 12 3.394+ 1.008
Female 22 (18)* 3.28% 0.983
Size of tumour <0.001
Small 8 2.473+ 0.447
Medium 14 (11)* 3.22°A4-0.760
Large 12 (11)* 4.048t 0.941
Histological group <0.001
Spindle cells type 13 (12)* 2.592 0.428
Non-spindle cells type 21 (18)* 3.8 0.935
Amount of pigment NS
Absent 8 3.428t 1.091
Moderate 16 3.22% 0.965
Rich 10 (6)* 3.460+ 1.006
Clinical course <0.001
Alive 28 (24)  2.976+ 0.739
Death of disease 6 4.7380.253

*In four cases of melanomas the excessive pigment or necrosis have
made the morphometric assessment of AQNORs unreliable:=NSt
significant.

2. Materials and methods tion [22]; in particular, the second section was im-
mersed in sodium citrate buffer (pH 6) and incubated
in wet autoclave at 12@ (1.1-1.2 bar, at sea level) for
20 min and then allowed to cool down to°37. Suc-
cessively, slides were immersed in a freshly prepared
silver-staining solution containing one part of volume
of 2% gelatine in 1% formic acid and two parts of 25%
aqueous silver nitrate solution, at°€7 in a thermo-
statically controlled environment for 11 min; the reac-
tion was then stopped by washing the slides with bidis-
tilled deionized water in order to remove unwanted sil-
ver precipitates. Finally, all sections were dehydrated
in ascending ethanols, clarified in xylene and mounted
with a synthetic medium (Permount).

Surgical samples of ocular globes from 34 patients
(12 male, 22 female; mean age 57.5 years, ranging
from 30 to 83 years) affected by choroidal melanomas
were collected from files of our institutions and in-
cluded in this study. The clinico-pathological data and
characteristics of melanomas were determined accord-
ing to criteria of McLean et al. [16,17] and summarised
in Table 1; moreover, data concerning follow-up and
cause of death were also available from city registry
offices.

All surgical samples were fixed in 10% neutral

formalin for 24—_36 hrs gt room temperature_and The quantification of AgNORs was performed by
then embedded in paraffin at 3. From each tis- 5, image analysis system (Immagini e Computer, Rho-
sue block, two consecutive @m thick sections were  \jjan, Italy) consisting of an optical Leitz microscope
cut and mounted on silane-coated glasses, then de-fitted with a single chip colour CCD video camera
waxed in xylene, rehydrated in graded ethanols. The (Ikegami ICD-840PDC, Ikegami Tsushinki Co. Ltd.,
Haematoxylin-Eosin (H&E) stain allowed to made Tokyo, Japan) with a resolution of 460420 (horizon-
the following histopathological diagnosis: spindle cell  ta| x vertical) TV lines, a colour monitor and an image
type melanoma (13), epithelioid melanoma (7), mixed processing unit installed in a 486/33 MHz processor-
cell type melanoma (13) necrotic melanoma (1); allthe based personal computer. For each slide examined,
cases were then grouped in spindle cell type (13) and microscopic fields representative of the lesions were
non-spindle cell type (21). assessed excluding, on the basis of the correspond-
The AgNOR technique was performed according to ing H&E stained section, areas in which regressive
guidelines of the Committee on AgQNOR Quantifica- changes, frank necrosis, excess of melanic pigment as
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Fig. 1. Choroidal melanoma. (a) AQNORs clustered in regularly shaped collectdss,. (b) Black intranuclear dots in a pigmented ared57.

well as technical artefacts were present. For this rea- melanic pigment (Fig. 1(a, b)). The AQNORs precipi-
son, four cases were considered not suitable for the tates showed an intranuclear localisation with a round
morphometric assessment of AQNORs since the pig- shape (Fig. 1a), although this pattern was sometimes
ment obscured specific silver precipitates or the tumour less regular with a scattered distribution (Fig. 1b);

mass was wholly necrotic, similarly to that elsewhere
suggested [14]. The mean arearf) of AQNORs per
cell (NORA) was evaluated at one focal plane with
a x40 objective lens in at least 100 nuclei per spec-
imens (mean 150); specific softwares, IM 5200 (Mi-
croscience Inc.) and AQNOR (Immagini e Computer,
Rho-Milan, ltaly), were utilised to determine mean
NORA values per cell and per case, respectively.
After testing the normal distribution of NORA val-
ues in all patients by Kolmogorov—Smirnov test, a cut-
off point was determined utilizing the mean NORA
value. A statistical descriptive analysis was performed
for each clinico-pathological parameter; differences

moreover, the AQNORs were clearly distinguishable as
black dots also within nucleoli (Fig. 1(a, b)).

In choroidal melanoma specimens, NORA values of
neoplastic elements exhibited a normal distribution (2-
tailed P = 0.381) with a mean of 3.32F 0.977um?;
NORA values relative to clinico-pathological data are
given in Table 1. A significanf’ value was achieved
in the correlation of NORA with size of tumour, his-
tological group and clinical course, while no relation-
ships were found in comparison to sex and amount
of pigment (Table 1); moreover, the AQNOR quan-
tity in melanomas was unrelated to the patient’s age.
The follow-up time of patients ranged from 4 to 180

among categories were assessed by Analysis of vari- months (median 41). Six patients dead of disease with
ance and the Newman-Keuls’ test, while correlations metastatic localisations (3 liver, 2 liver and brain, 1
between continuous parameters were investigated by liver and adrenal glands), while 28 were well and
Spearman’s rank test. Survival analysis was performed alive; no relationship between mean NORA values
by the Kaplan—Meier method and for the comparison in the hepaticversusnon-hepatic site of metastases
of the survival curves, the Mantel-Cox log-rank test was found. Data obtained by univariate analysis of
was used. Finally, a multivariate analysis (Cox regres- clinico-pathological and NORA parameters concern-
sion model) was utilized to determine the independent ing cancer-specific mortality are reported in Table 2;
effect of each variable on survival. Rvalue lessthan  moreover, utilizing the mean NORA value encoun-
0.05 was considered statistically significant. tered in melanomas as a cut-off point, 12/30 cases
had greater NORA values than 3.32?. Among ex-
amined parameters, size of tumour, histological group
and NORA showed significan® values; the survival
curves of patients with low and high NORA values are

All cases of melanoma showed an adequate sil- illustrated in Fig. 2. Finally, by Cox multivariate anal-
ver staining intensity, homogeneously present through- ysis, the NORA value emerged as the exclusive inde-
out the whole section, with a variable amount of pendent prognostic variable (Table 3).

3. Results
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Fig. 2. Kaplan—Meier survival curves of patients with low and high NORA values.

Table 2

Prognostic parameters examined in choroidal melanomas: a univari-
ate analysis to cancer-specific mortality by Mantel-Cox log-rank test

the body except the skin [5,16]; it represents the most
common intraocular neoplasm and its incidence is one-
eighth that of cutaneous melanoma [5,16]. It has been

Parameter X2 DF P value suggested that many factors may influence the survival

All patients ¢ = 34) of patients affected by uveal melanomas and may pre-
Sex 082 1 NS dict the appearance of distant metastases [16,31]; in
Size of tumour 1109 2 <0.0039 particular, cell type, largest tumour dimension, scle-
Histological group 25 1 <0.0071 ral extension and mitotic activity, in combination, have
Amount of pigment &1 2 NS been reported as the best prognostic indicators [14,15].
NORA (n = 30)* 17.42 1 <0.0001 Nevertheless, the best objective method for estimating

NS = not significant; DF= degrees of freedom; *in four cases of the mallgnant potential O_f uveal melanomas h_as been
melanomas the excessive pigment or necrosis have made the mor- CONsidered the computerised cytomorphometric evalu-
phometric assessment of AQNORs unreliable. ation of nucleolar area, when combined with measure-
ment of largest tumour diameter [10]. In previous stud-

Table 3 ies concerning conjunctival and uveal melanomas, the

Multivarigte survival analysis by Cox regression model in 30 cases proliferation rate has been assessed by the silver stain-
of choroidal melanomas ing of the nucleolar organizer regions [14,29]; never-

Variable  j SE Exp0) P value theless in these studies, by a not standardised and time

NORA 2051 0.806 7.778 <0.01 consuming procedure, AgNORs have been counted in
B = regression coefficient; SE standard error; Expl) = ratio of one-hundred cells per specimen, while no informations
risk. about the area of argyrophilic nucleolar organizer re-

gions have been furnished [3,14,29]. More recently,
two papers coming from the same south area of Italy
have been performed on uveal melanomas, utilizing a
different manner of AQNOR determination as well as
different morphometric parameters and reaching disso-
nant conclusions [3,30]. In detail, the multivariate anal-
4. Discussion ysis didn’t provide any additional information about
prognosis, although patients having a high AQNOR
Malignant melanoma develops more frequently in count had a worse survival [3]; on the other hand, pa-
the uveal tract of the eye than in any other site of tients with the highest values of AQNOR mean area

In Table 4 are summarized papers concerning the
status about AQNOR analysis in uveal melanomas, in-
cluding methodological and pathological data as well
as survival analysis.
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Table 4
Summary of studies about AQNOR analysis in uveal melanoma

Authors Marcus et al. Baldi et al. Staibano et al. Present paper
(1990) (1998) (1998)

Standardization No No No Yes

of the AGNOR

method

Methodology Counting Counting Image analysis Image analysis

of quantitation

Relation to Yes Yes Yes Yes

pathological data

Relation to the clinical course Yes Yes*

(histotype, size of tumour) (histotype,

size of tumour) (histotype, size of tumour) (histotype, size of tumour)

Yes Yes

*Only by univariate analysis.

showed poorer clinical behaviour, even if no correla-
tion was found between AGNORs and largest tumour
dimensions [30]. Therefore, on the light of these re-
ports, we have considered the contribute of the Ag-
NOR technique remains to be definitively determined
in order to provide additional prognostic informations
in this field of ocular pathology. To achieve good and
reproducible results, we have utilised the standardised

cleolar organizer regions with tumour size has been
disclosed [14]. Results of our univariate analysis to
cancer-specific mortality in choroidal melanomas indi-
cate the size of tumour and the cytological picture are
morphologic prognostic parameters, as previously re-
ported in literature [10,12]; in addition, when the mean

AgNORSs value has been utilised as a cut-off point, two
groups of patients with different final outcome were

AgNOR technique [22] to assess the AgQNOR quan- selected, showing that patients with higher NORA val-
tity in choroidal melanomas, measuring the area of ues had a worse prognosis with an increased risk to
silver stained precipitates by morphometric analysis; die. Furthermore, the multivariate analysis by Cox re-
in particular, by wet-autoclave pre-treatment, we have gression model clearly documented that only NORA
obtained a constantly high staining quality of single- Was an independent variable in choroidal melanomas;
interphase AgNORs, independently of duration of for- we suggest the AQNOR analysis may have a high rank

malin fixation and archival storage, similarly to that
elsewhere reported [21,26]. Moreover, to ensure better
comparisons between different laboratories, we have
performed AgNOR staining at 3T in a thermostati-
cally controlled environment; finally, the quantification
by an image analyser system is a further contribution
to standardisation, being more objective and free of ob-
server bias than counting AGQNORs by eye.

In our cases of choroidal melanomas, no significant
correlations were achieved when the AQNOR quantity
was compared with age, sex and amount of pigment;
nevertheless, significantly higher NORA amounts have
been encountered in non-spindle cell type melanomas
as well as in tumours of larger dimensions, similarly
to that elsewhere reported [30]. However, in a pre-
vious study [14], mixed-cell melanomas have been
found to have slightly higher AQNOR counts than
spindle-cell melanomas, but this has been considered
to be clinically unimportant; moreover, no relation-
ships have been found between higher mean AgNOR
scores and percentage of epithelioid cells per tumour
as well as age, while a correlation of silver stained nu-

order of influence on final outcome by the identifica-
tion of patients at different risk of death, even if our
data have still to be confirmed by larger series and by
other groups. However, we retain that a standardized
AgNOR technique may be largely applied in different
histopathological laboratories, since its simplicity and
reproducibility are useful in the assessment of follow-
up surveillance.
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