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USE OF AgNOR INDEX IN GRADING AND DIFFERENTIAL
DIAGNOSIS OF ASTROCYTIC LESIONS OF BRAIN

Mulazim Hussain Bukhari,1 Shahida Niazi,2 Ihsanullah Hashmi,3 Samina Naeem,4

Abdul Khalik Abro,5 Mohammad Tayyab,6 Naseer Ahmad Chaudhry7

ABSTRACT
Objective: This study was conducted to see the importance of AgNOR staining in grading and
differential diagnosis of Astrocytic lesions.
Methodology: It was a descriptive and prospective study conducted in Department of Pathology
King Edward Medical University, from June-December 2002. AgNOR staining was performed on 60
randomly selected brain specimens of Astrocytic lesions including Astrogliosis and Astrocytoma.
Results: AgNOR count, size and dispersion were normal in Astrogliosis, low in Pilocytic
Astrocytoma, high in grade II, higher in grade III and highest in grade IV. AgNOR counts of
different grades of astrocytoma (2.97±0.96, 3.97±0.43, 6.01±2.74 and 8.01±3.56) were
significantly (P< 0.01) greater as compared with counts of normal brain (0.40±0.01), and
reactive gliosis (0.60±0.01). There was no statistical difference in normal brain tissues and
inflammatory lesions of the brain. AgNOR size and dispersion were of higher grade in
significantly greater proportion in malignancy as compared to benign conditions. (P <0.05).  AgNOR
size and dispersion were normal in Astrogliosis.
Conclusions: Typing of AgNOR count, size and dispersion was found to be an important marker in
grading and differential diagnosis of Astrocytic lesions, especially in Astrogliosis and low grade
Astrocytoma.
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INTRODUCTION

Nucleolar organizer regions (NORs) are spe-
cific portions of DNA, called rDNA that, by
using the enzyme RNA-polymerase-1, code for
the transcription of ribosomal RNA (rRNA).
This rRNA inside the ribosomes is responsible
for protein synthesis of the cell. Protein syn-
thesis is a necessary step in the process of cell
proliferation. Therefore a relation between
NORs and cell proliferation is suggested. With
the use of silver colloid impregnation, described
by Goodpasture and Bloom in 1975,1 modified
by Ploton et al in 1986,2 NORs can be identi-
fied much easier.

By using the silver nucleolar organizer region
(AgNOR) impregnation technique the number,
size and shape of NORs can be studied in a
fast and simple way, not only in fresh frozen
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tissue specimens but also in formalin fixed
paraffin embedded material. The amount of
silver deposit in a cell, reflecting the amount of
NORs that are involved in protein-synthesis,
is thought to be related to the proliferative ca-
pacity of that cell. The exact relationship be-
tween proliferation, protein-synthesis and ex-
pression of AgNORs is, however, not yet well
understood. But the expression of AgNOR is
either causally or indirectly coupled to DNA-
synthesis and thus AgNOR can be considered
as a cell proliferation marker.3-11

Counting the number of AgNORs is subject
to intra- and interobserver variability, which
is often regarded as a limitation to the reliabil-
ity of the results. However, when the
interobserver variation was tested, it appeared
that there was a statistical significant correla-
tion between the results found by two observ-
ers,14,15 but the correlation coefficient was
higher in counting AgNOR-areas than in
AgNOR numbers.14,15 To make the counting
more specific, the silver-deposit inside the
nucleolus only instead of the whole nucleus can
be regarded. In one study this led to the
conclusion that measurement of the whole
nucleolar size has the same relevance as
AgNOR scoring in these nucleoli.16 Another
study found a positive correlation between
AgNOR number and nuclear size17 but both
had no value in predicting survival of the
patient. These results were contradicted by Tosi
et al. who found that the number of AgNORs
had a significant predictive value in patient
outcome, but form, shape and size of the
nucleus did not.18

The mean number of AgNOR dots per cell,
or per nucleus, is often referred to as mAgNOR.
The mAgNOR scores in cells with slow prolif-
eration may be in the range between 0.5 and
1.5, however there are only very few reports
giving “normal-values” of mAgNOR for dif-
ferent types of human tissues. The mAgNOR
scores are higher in fast proliferating tissues.
Most AgNOR studies focus on the difference
in AgNOR counts among tumors of different
pathological grades and tissues in different

stages of neoplasia, i.e. dysplasia, in situ carci-
noma or invasive carcinoma.

The pAgNOR refers to the percentage of cells
in a tumor or tissue slice that harbors more than
a certain number of AgNORs per cell (mostly
more than 5), this is also called the AgNOR
distribution score and sometimes the AgNOR
proliferation index. Some studies, correlating
the results of flowcytometry and BrdU-label-
ing with AgNOR staining, demonstrated that
pAgNOR correlates with percentage of cells in
S-phase of the cell cycle, or with proliferative
activity, whereas mAgNOR correlates with
ploidy.19-23

PATIENTS AND METHODS

Sixty patients of Astrocytic lesions were in-
cluded in this study. Adult patients of both
sexes were taken into consideration. History
of the patients along with relevant investiga-
tions were recorded. Particular stress was given
on the age, sex and clinical findings of the
patient. The CT Scan report was also added to
the history of the patient. The specimens were
collected in properly labeled jars, containing
10% formal saline. Detailed gross examination
of each specimen was carried out and re-
corded. Representative tissue sections were
taken. The tissues were processed in an auto-
matic processor. Embedding of tissues was
done in paraffin wax using L-shaped metal
moulds. Each block was cut into multiple
sections 3-4 micrometer thick on a rotary
microtome.

Sections were taken on albumenized slides.
Sections of all the cases were stained with
Haematoxylin and Eosin and sections of all
cases were also stained by AgNOR stain.

RESULTS

These AgNORs counts were high in all 40
cases of Astrocytoma of grade I-IV and nor-
mal in normal brain tissue (0.40±0.01) low in
reactive gliosis (0.60 ± 0.01). The AgNORs
count increased as the grade of astrocytoma
varied i.e I to IV. There was slight increase in
AgNORs count in Pilocytic astrocytoma
(2.97±0.96), moderately much more increased
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in Astrocytoma grade II (3.97±0.43), increased
in Astrocytoma grade III and Astrocytoma
grade IV (6.01±2.7 and 8.01±3.56) respectively.
This difference is significant. (P<0.05),
pAgNOR counts were high in increasing
grades of astrocytoma; 25% in Pilocytic astro-
cytomas, 50% in all astrocytoma grade II, 65%
in all grade III and 72% in all grade IV Astro-
cytoma (Fig: 1-3). It was less than 5% in nor-
mal brain tissue and 8% in reactive gliosis. This
count was believed to represent proliferative
activity. Tumors having a pAgNOR count of
8% or more were considered to display high
proliferative activity. The AgNOR count in
malignant cells was significantly higher than
that in resting cells and reactive cells (p <0.01),
and the count significantly increased with tu-
mor grade (p <0.01). AgNOR count of resting
cells was close to reactive cells (p> 0.05). Varia-

tion in AgNOR size in Grade I-II Astrocytoma
was also observed. There was non-to mild varia-
tion in the size of AgNOR dots in low grade
Astrocytoma (mean 0.25+0.19) and moderate
to high variation in the size of AgNOR dots in
high grade Astrocytoma (mean 1.86+0.80). The
statistical difference between the variations of
AgNOR dot size was significantly high be-
tween low grade and high grade Astrocytic
Glioma P<0.05. The mean dispersion of
AgNOR per cell in normal tissue (and reactive
gliosis was nil, while it was low in low-grade
astrocytoma and high in high-grade astrocy-
toma. This difference was significantly high
between low to high-grade astrocytoma
(p <0.05). The mean dispersion of AgNORs per
cell in high grade Astrocytoma was high (mean
1.56±0.44 in grade IV) and statistically signifi-
cant (p <0.05) (Table-I).

Table-I: Comparison of Mean AgNOR Count, Size, and Distribution per Cell between in different lesions

   Lesions No. Of                 AgNOR count AgNOR variation in AgNOR Dispersion
 Cases Size Per cell (Mean±SD) Per cell (Mean±SD)

mAgNOR pAgNOR
 Count Proliferative
Per cell Index (Percentage
(Mean±SD) of Nuclei with

e”5 AgNOR
dots/Nucleus)

Normal brain tissue 10 0.40± 0.01 5% 0.20±0.15 0.18±0.68
Reactive Gliosis 10 0.60± 0.01 8% 0.23±0.23 0.20±0.54
Pilocytic Astrocytoma 10 2.97± 0.96 25% 0.25±0.19 0.29±0.13
Astrocytoma grade II 10 3.97± 0.43 50% 0.45±0.18 0.43±0.24
Astrocytoma grade III 10 6.01±2.74 65% 1.24±0.26 0.93±0.42
Astrocytoma grade IV 10 8.01 ± 3.56 72% 1.86±0.80 1.56±0.44

Fig-1: Photomicrograph of normal brain tissue stained
with H& E on left side and AgNOR on right side.  AgNORs

(black dots) count, size and dispersion are normal.

Fig-2: Photomicrograph of Pilocytic Astrocytoma stained
with H& E on left side and AgNOR on right side. AgNORs

(black dots) count, size and dispersion is increased.
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DISCUSSION

AgNOR is a simple, cheap and valuable
marker in grading and staging of Astrocytic
lesions of the brain and important in differenti-
ating benign and malignant tumours. In our
study AgNOR index (count, size and disper-
sion) was low in Astrogliosis as compared to
low grade astrocytoma e.g., Pilocytic Astrocy-
toma. This index rises as the grade and stage
of the tumor increases. In our study it was low
in Pilocytic astrocytoma while high in
astrocytoma grade II, higher in astrocytoma
astrocytoma grade III and highest in astrocy-
toma grade IV. The difference was significant
(P <0.05).

An AgNOR count is another parameter to
be considered in grading and differential
diagnosis of Astrocytoma and reactive condi-
tions. It rises according to the grades of astro-
cytoma. We have seen that pAgNOR was 25%
in Pilocytic astrocytoma, 50% in all astrocy-
toma grade II, 65% in all grade III and 72% in
all grade IV Astrocytoma. It was less than 5%
in normal brain tissue and 8% in reactive
Astrogliosis. The AgNOR count in malignant
cells was significantly higher than that in rest-
ing cells and reactive cells (p<0.01), AgNOR
count of resting cells was close to reactive cells
and the difference was non significant (p>0.05).
These results are consistent with the findings

of Khan et al,24 who concluded that typing of
AgNOR size and dispersion is a more reliable
and reproducible alternative to traditional
AgNOR counts for differentiating malignant
from non-malignant effusions.

Our results are in  accordance with studies
of Pich et al. showing an association between
AgNOR count and histological grade of
differentiation25,26 and with a study of Fonseca
showing that the AgNOR count is low in
benign lesions as compared to malignant
lesions of the oral cavity.27 Our findings are also
consistent with the local investigators and
international studies like the reports of Helpap
et al,28 Khan et al,24 Hashmi et al29 and Parveen
et al.30
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