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ABSTRACT

Argyrophilic nucleolar organizer regions (AgNORs) were determined in 94
pleural, pericardial and peritoneal effusions. The results were correlated with cy-
tologic diagnosis to determine the diagnostic potential of this technique. Cyto-
logically the number of normal, reactive and malignant effusions were 32, 28 and

34 respectively.

The mean AgNOR counts for normal, reactive and malignant specimens were
1.365, 2.328 and 4.747 respectively. The cut-off points between normal-reactive
and reactive-malignant specimens were 1.84 and 3.53 respectively. All of the
malignant specimens (100%) had AgNOR counts above 3.53.

Neither reactive nor normal specimens had AgNOR counts above 3.53.82.1%
of reactive specimens had AgNOR counts above 1.84 and 87.5% of normal speci-
mens had AgNOR counts below this point.

There was a statistically significant difference between the AgNOR counts
in normal, reactive and malignant effusions (p<0.001).

We conclude that the AgNOR method is a specific diagnostic tool for serosal
cavity effusions, especially when malignancy is suspected.
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INTRODUCTION

Nucleolar organizer regions (NORs) represent loops
of ribosomal DNA, located in the nucleoli of chromo-
somes 13,14,15, 21, and 22 which are responsible for
the transcription of ribosomal RNA, the main protein syn-
thesis region.>!"?° Therefore it has been suggested that
the number of NORs may reflect nuclear and cellular
activity."'722 NORs are argyrophilic because their as-
sociated acidic proteins (i.e., C,,, B,, and possibly their
RNA polymerase-I) contain abundant sulfhydryl and
carboxy groups which precipitate silver ions.'"” NORs can
therefore be visualized as intranuclear black dots by his-
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tochemical staining with a colloid silver solution.?®
Ploton et al. first modified the AgNOR technique for
paraffin-embedded formalin fixed tissues.?” Then
Crocker and his colleagues reported the application of
the AgNOR technique for diagnostic tumor pathology.
This method has been used for many types of benign
and malignant lesions including breast,?” colon,* cervix,*
endometrium,®melanocytic skin lesions,” non-Hodgkin’s
lymphoma,* acute leukemia,? chordoma? and prostate."”
Ayres et al. were the first scientists who applied the
AgNOR technique on paraffin-embedded mesothelial
biopsy (pleura) specimens to differentiate malignant
from normal and reactive mesothelial cells in 1988.2
The first application of this technique on human ef-
fusion for differentiating between malignant, normal and
reactive mesothelial cells was performed by Derenzini
et al. in 1989.'
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Cytologic evaluation of serosal cavity effusions for
malignancy is used routinely in the diagnosis, prognosis
and therapeutic management of malignant neo-
plasms.®*3¢ Studies, however, have shown that such
evaluation renders a high false negative rate.*23!

In this study we have investigated the utility of the
AgNOR technique as an adjunct to cytologic diagnosis
in serosal effusions to differentiate between benign me-
sothelial cells, reactive mesothelial cells and malignant
cells.

MATERIAL AND METHODS

Pleural, peritoneal and pericardial effusion slides
were selected from the files of cytology departments of
Shahid Beheshti, Nemazee and Shahid Faghihi hospi-
tals, from 1980 to 1999. 94 specimens of those were se-
lected and classified as metastatic carcinoma, reactive
and normal. 34 cases were malignant, 15 of them from
pleural effusions (5 of the breast, 4 of the GI tract, 1 of
the endometrium, 3 of the lung and 2 of the thyroid), 18
from peritoneal fluids (12 of the GI tract, 1 of the pan-
creas, 4 of the ovaries and 1 of the liver) and one from
pericardial effusion of a patient with metastatic adeno-
carcinoma of the GI tract.

28 cases were reactive effusions including 19 pleu-
ral, one pericardial and eight peritoneal fluids.

32 cases were from normal effusions including 17
pleural, one pericardial and 14 peritoneal fluids.

The AgNOR staining was performed on air dried
smears.

The procedure was as follows:

A: Materials for AgNOR staining
1- Silver nitrate
2- Gelatin
3- Formic acid
4- 3:1 mixture of absolute ethanol: acetic acid
5- Deionized distilled water
6: Distilled water
7: Xylene

B: Making of AgNOR solution
AgNOR solution: 2 parts of solution A + 1 part of solu-
tion B

Solution A: 50% aqueous silver nitrate.

Solution B: 2g gelatin and ImL formic acid in 100mL
deionized distilled water.

C: Method of staining

Air-dried smears were fixed for 15 minutes in a 3:1
mixture of absolute ethanol: acetic acid and progressively
rehydrated. The slides were then washed three times in
deionized distilled water and placed in a freshly prepared
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staining solution for 30 minutes at room temperature in
the dark, dehydrated with xylene and then counted.

D: Method of AgNOR counting

In light microscopic examination, 200 random nu-
cleiin each slide were counted, using a 100x oil-immer-
sion objective and a 10 ocular. Only nuclei of mesothe-
lial or epithelial cells were evaluated.

Inflammatory cells (PMNs, lymphocytes and mac-
rophages) were excluded. All argyrophilic black dots in
nucleolar and extranucleolar areas were counted and the
mean was calculated in each case.

E: Pap and Wright stain

Before AgNOR staining and for confirming the pre-
vious results of pap and Wright methods, the pap and
wright stained slides of each case were evaluated again.

F: Screening of cases

The pap and Wright stained slides with good prepa-
ration (staining and fixation) for the three groups of our
study (normal, benign reactive and malignant) were se-
lected.

We also considered that the number of mesothelial
cells in normal and benign reactive groups be adequate
for evaluation (>200). Then the counterpart air-dried
slides for AgNOR staining were prepared.

G: Comparing of AgNOR with pap and Wright meth-
ods

After AgNOR staining, the mean number, distribu-
tion and size of AgNOR black dots on each nucleus were
counted, evaluated and compared with the counterpart
pap and Wrightresults.

RESULTS

Cytomorphologically 32 cases (34%) were normal,
28 (29.8%) reactive and 34 (36.2%) malignant. The mean
ages for each group of normal, reactive and malignant
effusions were 40.78, 54.07 and 54.87 years respectively.

The sex distribution in each group was as follows:
Normal effusion: Female: 53.1%, Male: 46.9%; Reac-
tive effusion: Female: 50%, Male: 50%; Malignant effu-
sions: Female: 52.9%, Male: 47.1%.

Fig. 1. shows the abundance of different types of body
effusions in each group. The total AgNOR counts in the
32 normal samples ranged from 0.7 to 2.1 (mean:
1.365+0.378 SD) (Figs. 2-3). The range of AgNOR
counts in the reactive effusions was from 1.2 to 3.1
(mean: 2.328+0.502 SD) (Figs. 2-3). The range of
AgNOR counts in malignant effusions was from 3.9 to
6.5 (mean: 4.747+0.657 SD), (Fig. 2-3). The cut-off
points between normal-reactive and reactive-malignant
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Fig. 1. The abundance of different types of body effusions in
three groups of normal, reactive and malignant patients.

A: Normal mesothelial cells

B: Reactive mesothelial cells

C: Malignant cells.

samples were 1.84 and 3.53 respectively. 34 (100%) of
the malignant effusions had AgNOR counts above 3.53.

23 (82.1%) of the reactive samples had AgNOR
counts above 1.84, and 5 (17.9%) of them showed over-
lapping with normal effusions. None of these samples
had AgNOR counts above 3.53. 28 cases (87.5%) of nor-
mal effusions had AgNOR counts below 1.84 and 4 of
them (12.5%) showed overlapping with reactive samples.
None of these effusions had AgNOR counts above 3.53.

There was a statistically significant difference be-
tween the AgNOR counts innormal, reactive and malig-
nant effusions (p<0.001).

The AgNOR black dots were more irregularly dis-
tributed and variably sized in cancer cells than in reac-
tive or normal mesothelial cells. (Figs. 4-7).

DISCUSSION

In cytologic preparations of serosal fluids, the diag-
nosis of malignancy is frequently difficult, because ma-
lignant cells frequently lose their in situ organization and
their relationship with surrounding tissues that normally
renders the nature of the lesion to be easily recognisable.
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Fig. 2. Range of AgNOR count in normal, reactive and malig-
nant body fluids.

A: Normal mesothelial cells

B: Reactive mesothelial cells

C: Malignant cells.
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Fig. 3. Mean AgNOR count in three groups of normal, reac-
tive and malignant body fluids.

A: Normal mesothelial cells

B: Reactive mesothelial cells

C: Malignant cells.
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rig. 4. A ciuster of reacuve mesothehial cells. Note viack dots
on nuclei (AgNOR stain, x1000).

Fig. 5. Some malignant cells (arrow). Note numerous irregu-
lar black dots on cancerous nuclei (AgNOR stain, x1000).

Indeed, it is not always possible to distinguish neo-
plastic cells from reactive mesothelial cells on purely
morphologic grounds."

Detection of proliferating cell nuclear antigen
(PCNA) is a technique which can be used for differenti-
ating carcinoma cells from reactive mesothelial cells.
PCNA is a non-histone nuclear protein which is an aux-
iliary protein for DNA polymerase and a marker for cell
proliferation.?

Many studies have reported the use of other immu-
nocytochemical techniques to differentiate carcinoma
cells from reactive mesothelial cells.'®!*%

To solve this problem, many scientists have re-
cently shown interest in the AgNOR technique.'® The
silver-staining method used in the present investi-
gation was initially used as a very simple method
for visualizing the NORs in metaphase chromo-
somes2%2! (NORs are DNA loops encoding riboso-
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Fig. 6. Some malignant cells (arrow), a mesothehal cell (ar-
row head), afew lymphocytes and PMNs. Note irregular black
dots on malignant nuclei (AgNOR stain, x400).
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Fig. 7. Two malignant cells (arrow), some mesothelial cells
(arrow head), a few lymphocytes and PMNs. Note numerous,
irregular black dots on malignantnuclei (AgNOR stain, x400).

mal RNA production).'s

Many studies have demonstrated that silver-staining
methods selectively stain acidic proteins (AgNOR pro-
teins) associated with the ribosomal sequences. The ap-
plication of silver staining for AgNOR proteins to inter-
phase nuclei showed the localization of the ribosomal
genes in the fibrillar components of the nucleolus (fibril-
lary centers and dense fibrillary component) which thus
represent the interphase counterpart of metaphase
NORs. 202!

It has long been known that malignant cells have hy-
pertrophic and irregular shaped nucleoli with irregular
distribution of the nucleolar components.”*?2 These mor-
phologic abnormalities can be quantified using the dis-
tribution of interphase NORs in nucleoli as a param-
eter.!*!
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AgNOR staining was first applied to distinguish be-
nign nevi from melanoma and then to distinguish other
benign from malignant lesions.'>'* Many authors believe
that an increased number of interphase NORs is a good
clue to differentiate malignant from benign cells. In ad-
dition to an increased number of NORs, malignant cells
were characterized by irregularly scattered and heterogen
sized NORs. This may also help for differentiation be-
tween benign and malignant cells.

Studies on body effusions showed a significant dif-
ference in AgNOR numbers between malignant cells
(mesothelial versus non-mesothelial), normal and reac-
tive mesothelial cells.>?1011.15.30.32

Our study shows that the interphasic NOR distribu-
tion pattern permits a clear distinction to be made be-
tween neoplastic cells, benign reactive and v -+ al me-
sothelial cells in human effusions.

NORs in neoplastic cells are very numerous and have
heterogeneity in size and irregular distribution through-
out the nucleus.

Reactive mesothelial cells have a more regular dis-
tribution of the NORs than neoplastic cells and signifi-
cantly less numbers of AgNOR dots than neoplastic cells.

In these three groups (normal, benign reactive
and malignant) the normal mesothelial cells have the
least AgNOR counts with uniformly sized, small
black dots. The difference between normal, reactive
mesothelial and neoplastic NORs was also demon-
strated by a quantitative analysis of the mean NOR
areas.

Therefore, the different quantity of interphasic NORs
in normal, reactive mesothelial cells and metastatic neo-
plastic cells might be explained by different prolifera-
tive rates of these cells.

The present study indicates that silver-staining for
AgNOR proteins should be used routinely in diagnostic
cytology. Also this reliable method gives information
about the NOR distribution pattern that permits a diag-
nosis of malignancy even if the tumor cells represent only
a small portion of all cells in the effusion.
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