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ABSTRACT

INTRODUCTION

Context: Although most oral cancers probably arise in clinically
normal mucosa, some are preceded by a precancerous lesion,
which indicates an increased risk of cancer development at a
particular site. The degree of epithelial dysplasia is a useful
guide in the diagnosis and management of such lesions. Many
recent reports have suggested that the number of nucleolar
organizer regions (NORs) per nucleus is related to cellular
proliferation and differentiation. The NORs can be identified
indirectly by means of argyrophilia of their associated proteins.

The occurrence of cancer has occupied a position of
special significance, as a much feared disease and as an
object of intensive biomedical investigation. Dysplasia
is an important feature of oral leukoplakia and the
malignant transformation rate of oral leukoplakia with
epithelial dysplasia is higher than that of leukoplakia
without epithelial dysplasia. Kwabe et al have reported
a nonhomogeneous clinical subtype and the presence of
epithelial dysplasia to be associated with an increased
risk of malignant transformation.1
Leukoplakia as a clinical diagnosis may have varied
histological presentation ranging from mildly hyperkeratotic lesions to those exhibiting severe dysplasia.
It is important to distinguish between these lesions, as
their clinical management may differ. Mildly hyperkeratotic/hyperplastic lesions may be kept under
observation and may resolve spontaneously, whereas
dysplastic lesions need to be excised. To date, no clear
markers for epithelial dysplasia have evolved and histological criteria for diagnosing a “dysplastic” lesion
are still subjective. In the absence of objective criteria,
there is wide variation between oral pathologists in
diagnosing such lesions. Several investigations suggest
that quantification of NORs as a valuable parameter in
tumor pathology.2
The nucleus plays an important role in the control
of proliferation and protein synthesis. Nuclear organizer regions are loops of ribosomal deoxyribonucleic
acid (DNA) that occurs in the nucleoli. The NOR DNA
possesses ribosomal DNA genes which are transcribed
by ribonucleic acid polymerase I and ultimately direct
ribosome formation and protein synthesis. The number
of NORs in each cell nucleus reflects the cellular activity.
The NORs can be identified with the help of silver staining technique by which they are visualized in the nuclei
of cells as brown or black dots by virtue of argyrophilia
of NOR-associated proteins.3,4
The AgNORs as replicatory markers may have a place
in objectively characterizing dysplasia and cell proliferation in tissue specimens. The AgNOR staining is useful
for studying normal proliferating cells because it may
be a quantitative marker of incipient cellular alterations
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before the histological hallmarks appear. This method has
been considered to represent a new additional diagnostic
tool in tumor pathology. It has been employed to study
the proliferative activity of various lesions. It was also
stated that AgNOR count may provide information on
cancer prognosis supplementary to that obtained from
DNA flow cytometric analysis.2
The specificity and simplicity of the AgNOR staining procedure have led to widespread application of
this technique in human pathology. Many recent reports
have suggested that the number of AgNORs per nucleus
is related to cellular proliferation and differentiation.
Thus, AgNORs have been widely used as a diagnostic
aid in histopathological grading as well as a prognostic
indicator in various oral lesions.5

MATERIALS AND METHODS
The present study was carried out in the Department of
Oral Pathology and Microbiology. Archival tissues from
paraffin-embedded blocks from the Department and also
recent cases in the dental outpatient department were
considered. The study group consisted 10 tissue blocks
each of histopathologically confirmed cases of mild,
moderate, and severe grades of oral epithelial dysplasia. Ten cases of normal mucosa constituted the control
group. From each tissue block, two sections each of 3 to
4 μm thickness were obtained. One set of sections were
stained with hematoxylin and eosin to histopathologically confirm the diagnosis and the other set of sections
were stained with silver staining technique for AgNOR
count. The histological grading of epithelial dysplasia
was done using the World Health Organization 2005
classification.

Staining Technique
The improved method of silver staining technique for
nucleolar organizing regions was done according to the
standard protocol recommended by Ploton et al.6 The
sections were dewaxed in xylene for about 3 to 5 minutes
and then rehydrated through decreasing grades of ethanol
followed by thorough washing in running deionized
water for 8 to 10 minutes. Ten slides were stained in each
batch by incubating them at 40°C in dark for 20 minutes.
Post-stained sections were washed in running deionized
water for 5 to 8 minutes, dehydrated through ascending
grades of ethanol concentrations, finally cleared in xylene,
and mounted in DPX. Lymphocytes present in the connective tissue showing one or two AgNORs were used as
the internal control for the staining technique. No counter
stains were used to eliminate the risk of over shadowing
the AgNORs.

Table 1: Standardization for counting AgNORs
1.
2.
3.
4.
5.

Count 20–100 cells per slide.
All silver-stained structures inside nucleus should be
counted.
When in groups, each cluster (closely aggregated) counts
as one unit.
When separate within a nucleolus, each AgNOR to be
counted as a unit, along with those outside.
Large and small AgNORs may be counted separately, but
total AgNORs are most reliable.

Counting of AgNORs
The AgNORs were counted as per the standardized procedure recommended by Crocker et al7 (Table 1). In each
of the sections, 100 individual cells were examined from
the representative areas of the epithelium. The methodical
and systematic quantification of AgNORs was carried out
using an oil immersion objective (100×). The NORs were
distinctly visible as black “dots” or “blebs” of varying
sizes, in the brown stained nucleus on a pale yellow back
ground of the cells. By careful focusing, AgNOR dots
were counted; both intra-nucleolar and extra-nucleolar
dots were included in the counting regime. However,
nuclei that are over lapped or those with indiscernible
AgNORs were excluded. The photomicrographs were
obtained using a research microscope.

Evaluation of AgNORs
The AgNORs were counted in each nucleus and all the
values were expressed in terms of mean ± standard
deviation. Data obtained were analyzed using Statistical
Package for the Social Sciences version 16 for Windows
operating system. The ANOVA test was applied and
statistical significance between the groups at 95% confidence interval, and p-value less than 0.05 was considered
statistically significant.

RESULTS
Based on the clinical and histopathological correlation,
the 30 cases of epithelial dysplasia were divided into three
groups of 10 each representing mild, moderate, and severe
grades. The patients with epithelial dysplasia in our study
were in the age group of the 31 to 65 years with the mean
age of 47 years and there was male predominance with
the male-to-female ratio of 4:1. Documentation of the
associated habits and common site of the lesion showed
smoking as the most prevalent cause and buccal mucosa
as the most favorable site.
In the present study, the mean value of AgNORs was
2.49 ± 0.30 in normal mucosa, whereas mean AgNOR
counts were 3.15 ± 0.11, 3.43 ± 0.28, and 4.82 ± 0.18 in
mild, moderate, and severe grades of epithelial dysplasia
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Table 2: Mean AgNOR count in different groups
Groups
Normal mucosa
Mild dysplasia
Moderate dysplasia
Severe dysplasia

AgNORs
2.49 ± 0.30
3.15 ± 0.11
3.43 ± 0.28
4.82 ± 0.18

Graph 1: Mean values of AgNORs according to severity of dysplasia

respectively (Table 2 and Graph 1). A high positive correlation was observed between NORs of mild, moderate,
and severe dysplasia. The mean values of NORs increased
as severity of dysplasia increased. The increase in the
mean value of AgNOR count in various grades of epithelial dysplasia was statistically significant when compared
with the normal mucosa (p < 0.05). The increase in the
mean values of NORs in severe dysplasia was very significant when compared with the other groups (p < 0.05).
Though moderate dysplasia showed an increase of NOR
count, it was statistically not significant when compared
with mild dysplasia (p > 0.05).

DISCUSSION
Oral cancer is one of the tenth most common cancers
worldwide and is a major problem in India and account
for 50 to 70% of all cancers diagnosed compared with
2 to 3% in the U.K. and U.S. Although most oral cancers
probably arise in clinically normal mucosa, some are
preceded by a precancerous lesion which indicates an
increased risk of cancer development at a particular site.
The histopathologist’s role is to recognize pathological
features which indicate high risk and to provide diagnostic and prognostic information from examination of
excised tumors.8
The most common precancerous lesion is a white
patch on the oral mucosa referred to as leukoplakia.
These lesions show variable clinical features ranging from
relatively innocuous flat white plaques to verruciform or
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red and white speckled areas in the oral cavity. A proportion of precancerous lesions show features of cytological
atypia which are usually graded as mild, moderate, or
severe. The degree of epithelial dysplasia is a useful guide
for the management of such lesions.
The assessment of cellular proliferation in histological
material is a valuable component of conventional histopathological analysis, and a variety of methods can be
used to quantify this. Ideally, such methods should be
simple, reproducible, and applicable to conventionally
processed histological and cytological preparations. The
method should be relatively inexpensive and interpretation of the results should be straightforward. In general, a
high proliferative activity is associated with poor prognosis. The AgNOR quantity is strictly related to the rapidity
of cell proliferation; the higher the AgNOR quantity, the
shorter the cell doubling time.9
In the present study, the control group consisted of
normal mucosa and the mean value of NORs was 2.49 ±
0.30. This finding is in agreement with various investigators like Cabrini et al10 (2.95 ± 1.42), Rajendran and Nair11
(2.50 ± 0.52), and Xie et al12 (2.3 ± 0.4). Similarly, there was
a significant rise in mean AgNOR count of dysplasia in
the order of mild (3.15 ± 0.11), moderate (3.43 ± 0.28), and
severe epithelial dysplasia (4.82 ± 0.18) as compared with
normal epithelium. This finding of the present study was
similar to that of the previous studies on leukoplakia by
Chattopadhyay et al13 and Sano et al.14 They opined that
this increase in AgNOR count is related to the prognosis
of the lesion which indicates the poor prognosis rate of
different grades of epithelial dysplasia as the mean count
increases. It suggests that the lesions became more aggressive or more dysplastic and ultimately malignant as the
AgNOR count tends to increase (Figs 1 to 3).
Mehkri et al15 did a study to assess the cell proliferation rate in precancers. In their study, the mean AgNOR

Fig. 1: Histopathology showing AgNORs in mild dysplasia
(silver stain, ×400)
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Fig. 2: Histopathology showing AgNORs in moderate dysplasia
(silver stain, ×400)

Fig. 3: Histopathology showing AgNORs in severe dysplasia
(silver stain, ×400)

count in cases of mild dysplasia was 2.59 ± 0.66, in moderate dysplasia, it was 2.92 ± 0.43, and in severe dysplasia,
it was 2.79. They concluded that the mean AgNOR counts
increased with the increase in the grades of dysplasia,
indicating a higher proliferative rate with increase in
dysplasia.
It is said that immediately before and after mitotic
division, the NORs disperse and then re-aggregate,
thus leading to an increase in the number of countable
AgNORs in the nuclear profiles. The number of countable AgNORs in interphase nuclei is probably related
more to their dispersion through the nucleoplasm than
to the actual number present. The AgNOR counts may
therefore be an index of AgNOR dispersion rather than
the actual number present in the karyotype. Dispersion
may in itself reflect the proliferative state of the cells.
Before mitosis, the AgNORs re-aggregate and the
nucleoli reform. Thus, the AgNOR count rises before
and after mitosis.16
Kahn et al17 and Chattopadhyay et al13 have suggested
that in oral premalignant lesions, the number of AgNORs
cannot be used as a diagnostic aid for the degree of dysplasia in oral mucosa. In their study, the cases of nondysplastic leukoplakia, reactive hyperplasia and epithelial
hyperplasia also exhibited higher number of AgNOR
count than mild and moderate epithelial dysplasia. The
probable reason behind this correlation may be the high
turnover rate of oral epithelium in these lesions.
Despite the strong association between AgNOR
values and degrees of dysplasia, the variability within
pathological grades may preclude the adaptation of this
technique on its own as a prognostic indicator. Since
the proliferation changes during the cell cycle reflect the
net effect of genetic damage and therefore include the
accumulated changes in genes, they may be regarded
as more useful prognostic indicators than individual

oncogene alterations. Our own results indicate that the
silver nitrate staining for NORs is a useful method for
aiding the diagnosis of dysplastic mucosal lesions with
malignant potential and act as a diagnostic tool for the
early detection of such lesions. This method should be
routinely used along with other laboratory techniques
and is helpful as a prognostic marker.

CONCLUSION
The field of AgNORs as potential tools for diagnosis,
prognosis, comparisons, and grading of oral lesions is ripe
and vast. A large group of oral lesions still remains to be
assessed as to the value of AgNOR significance. While it
cannot be said with certainty and conviction that AgNORs
are definitively diagnostic or prognostic, it is surely
observed that they can serve as a reliable tool adjunct to
histopathological diagnosis. Their ease of demonstration
and high specificity to cellular proliferation make them
the best available histopathological marker in the arsenal
of an oral histopathologist.
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