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The Role of Silver Staining Nucleolar  
Organiser Regions (AgNORs) in  

Lesions of the Oral Cavity
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ABSTRACT
Aims and Objectives: 

•	 To	establish	the	role	of	AgNORs	in	differentiating	the	benign	from	
the	pre-malignant	and	the	malignant	lesions	of	the	oral	cavity.

•	 To	establish	the	degree	/	grade	of	malignancy	according	to	
the	AgNOR	count.

•	 To	predict	the	probable	prognosis	of	the	cases	on	the	basis	
of	the	AgNOR	count,	if	possible.

Materials and Methods:	A	retrospective	study	was	conducted	
on	100	cases	from	July	2006	–	July	2007	on	the	biopsies	which	
were	obtained	from	the	oral	mucosa.	Two	slides	were	prepared	
for	 each	 case	 –	 one	 was	 stained	 with	 the	 haematoxylin	 and	
eosin	stain	and	the	other	was	subjected	to	silver	staining.	The	
data	was	analyzed	by	using	the	independent	T-test	and	ANOVA	
for	the	intergroup	comparisons.

Results: The	 results	 showed	 that	 the	 mean	 AgNOR	 count	 of	
the	carcinomas	was	significantly	higher	than	that	of	the	normal	
oral	 epithelium,	 the	 hyperplastic	 lesions,	 papillomas	 and	 the	
leukoplakias	 (p	 <	 0.05).	 The	 AgNOR	 dots	 tend	 to	 be	 small,	
homogenously	stained	and	regular	in	the	benign	lesions	and	as	
the	 grade	 of	 the	 tumour	 increased,	 the	 AgNOR	 dots	 became	
irregular,	large	dots	or	bizarre	clusters.

Conclusions: AgNOR	 staining	 can	 be	 considered	 as	 a	 useful	
adjunct	 to	 diagnostic	 pathology.	 This	 study	 was	 helpful	 in	
evaluating	 the	 importance	 of	 AgNORs	 in	 differentiating	 the	
benign,	pre-malignant	and	malignant	 lesions	of	 the	oral	cavity	
and	 it	 could	 be	 considered	 as	 a	 valuable	 tool	 along	 with	 the	
histopathological	 criteria	 for	 the	 evaluation	 of	 the	 proliferative	
activity	of	the	cell.
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INTRODUCTION
Many problems arise microscopically in differentiating the malignant 
aberrations from the benign ones and the routine histopathological 
techniques do not reveal all the features which are of diagnostic 
and prognostic significance. Therefore, it is eminent to develop 
adjunct procedures which can diagnose malignancy at the earliest 
and with accuracy. Studies have revealed the correlation between 
nucleolar function, size and the cell doubling time in human cancer 
cell lines, which has stimulated a revolution of the importance of 
the nucleus in tumour pathology [1].

The nucleus plays an essential role in the control of proliferation and 
protein synthesis. AgNOR correlates with the rate of proliferation, 
as can be estimated by Ki-67 and the percentages of the S phase 
cells and the mitotic cells. Hence, the Nucleolar Organizer Regions 
(NORS) are loops of ribosomal DNA which occur in the nucleoli of 
the cells on the short arms of the acrocentric chromosomes, 13, 
14, 15, 21 and 22.

The interphasic NORS can be clearly visualized at the light micro-
scopical level by using a silver reaction which stains the acidic 
proteins of the NORS (RNA Polymerase 1 upstream binding factor, 
Topoisomerase 1, Nucleolin, Fibrillin, C23 protein and B23 protein) 
on routinely prepared histopathological and cytological samples [2].

After silver staining, the AgNORs can be identified as black dots 
throughout the nucleolar area. In quantitative terms, the number of 
AgNORS per nucleus suggests it to be a marker of the proliferative 
activity of the cell. Qualitatively (based on the shape, size and the 
pattern of distribution), AgNOR acts as a marker of pre-malignant 
or malignant change.

Thus, the advantage of the AgNOR technique in retrospective 
studies is that the samples can be destained and restained with 
silver. It can guide to a diagnosis when extra unstained slides are 
unavailable and also in doubtful cases with no corresponding 
histological specimens.

MATERIALS AND METHODS
The present study was undertaken in the Department of Pathology, 
Netaji Subhash Chandra Bose Medical College and Hospital, Jabalpur. 
A total of 100 cases were studied from June 2006-July 2007.

These were broadly classified into 8 groups according to their 
histopathological reports as shown below in [Table/Fig-1].

Original Article

S. 
No. Group

Sub 
Division

I Histopathologically normal oral mucosa (Control)
Benign

II Inflammatory lesions without dysplasia

III Mild and moderate dysplasia Pre-
malignant

IV Severe dysplasia

V Squamous cell carcinoma (Well differentiated)

Malignant

VI Squamous cell carcinoma (moderately differentiated)

VII Squamous cell carcinoma (poorly differentialted)

VIII Others

[Table/Fig-1]: Distribution of the Studied Cases According to Groups

*Others include adenoid cystic carcinoma, adenocarcinoma, malignant 
melanoma.
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The biopsy specimens which were received were subjected to 
routine paraffin sectioning at 4 µm thickness after proper fixation in 
10% formal saline. AgNOR staining was performed as described 
by Ploton et al [3, 4]. 

The sections were deparaffinized in xylene and hydrated through 
decreasing grades of ethanol to double distilled deionized water. 
The sections were then reacted with freshly prepared silver colloidal 
solution (1 part by volume of 2% gelatin in 1% formic acid and 
two parts by volume of 50% aqueous silver nitrate solution) in a 
closed coplin jar for 35 min at room temperature, while ensuring 
that a dark environment was maintained throughout the reaction 
time. The silver colloidal solution was washed with double distilled 
ionized water. The sections were then treated with 5% sodium 
thiosulphate for 5 minutes and washed in double distilled deionized 
water, dehydrated through increasing grades of alcohol, cleared in 
xylene and mounted.

AgNOR Counting Procedure
The number of AgNORs which were present in each nuclei were 
counted in 100 nuclei by using a 100x oil immersion lens. At this 
magnification, AgNORs are visible both within and outside the  
nuclei [3]. The mean AgNOR values were calculated for each case 
and group. The results which were obtained in the counting proced-
ure were analyzed statistically by using the Student’s t-test and one 
way analysis of variance (ANOVA) for intergroup comparisons [5].

RESULTS
In the present study, 71 patients were males and 29 patients were 
females, with a sex ratio of 2.3:1. As far as the site of involvement 
was concerned, 34 cases involved the buccal mucosa and 19 
cases the tongue, while the other sites were the alveolus, lip, palate 
and cheek.

AgNORs were visible as black dots within the nuclei of the epithelial 
cells. 

The mean AgNOR count of the studied groups was as follows: (as 
shown in [Table/Fig-2].

Groups N mAgNOR SD

I 3 1.1967 0.2721

II 20 2.1505 0.8433

III 8 2.6888 0.3337

IV 11 2.9500 0.6581

V 40 4.1763 0.8157

VI 8 6.3450 0.8913

VII 9 8.7011 0.6543

VIII 1 9.9000 0

[Table/Fig 2]: Study of mean AgNOR Count According to Groups

The groups I & II (control subjects and benign lesions), could be 
differentiated clearly, based on the low value of the mAgNOR 
counts from the groups IV – VII.

Group III and group IV differed from groups V-VII, based on the 
value of the mAgNOR counts, which helped to demarcate between 
the pre-malignant and the malignant lesions of the oral mucosa 
and hence, helped to formulate the treatment plan for the patient, 
on whether a conservative approach or surgery was required.

Groups V, VI and VII observed a significantly higher mean difference 
for the AgNOR count with all the rest groups. This indicated 

that squamous cell carcinomas of the oral mucosa could be 
differentiated from the pre-malignant and benign lesions, based on 
the mAgNOR count also.

The value of the mean AgNOR count for the three grades of oral 
squamous cell carcinoma in the present study were found to be 
4.71 ± 0.81, 6.34 ± 0.89 and 8.70 ± 0.65 respectively (as shown in 
[Table/Fig-2 and 3]). The mean AgNOR count showed a linear and 
significantly increasing trend as the histopathological grade of the 
tumour increased (p<0.05).

 [Table/Fig-3]: Study of mean AgNOR count according to groups

In our study, it was observed that the AgNOR dots tended to be 
large, homogenously stained and regular in the nuclei of the normal 
epithelial tissues, hyperplasias and papillomas (as shown in [Table/
Fig-4 and 5]), whereas significant differences (irregular, giant and 
bizarre clusters) were seen in the oral squamous cell carcinomas 
(as shown in [Table/Fig-6, 7 and 8]).

In the malignant squamous cells, they appeared to be less uniform  
in size and shape (as shown in [Table/Fig-6]) and some dots ap-

[Table/Fig-4]: Squamous Papilloma – AgNOR stain cells showing 
AgNOR dots in the nuclei (× 100 oil immersion)

[Table/Fig-5]: Leukoplakia – AgNOR stain cells showing AgNOR dots in 
the nuclei (× 100 oil immersion)

[Table/Fig-6]: Squamous cell carcinoma Grade I – Nuclei contain 2-4 
dense regular AgNOR dots
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peared to be clumped together to form irregular bizarre shaped 
clusters (as shown in [Table/Fig-7 and 8]), which were more 
obvious in the moderately and poorly differentiated squamous cell 
carcinomas. Hence, by seeing the number and morphology of 
the AgNOR dots, squamous cell carcinomas of the oral mucosa 
could be graded into well differentiated (as shown in [Table/Fig-6]), 
moderately differentiated (as shown in [Table/Fig-7]) and poorly 
differentiated (as shown in [Table/Fig-8]) grades, which would 
further help in the assessment of the prognosis of the lesion and 
hence, the outcome [5-7].

As shown in the [Table/Fig-9] below, the intergroup comparison 
was done among seven (the 8th group was not taken into account 
for the statistical analysis because of the small sample size) groups, 
which were divided by using the ANOVA test. The value was found 
to be statistically significant among the various comparative groups 
(p < 0.05).

As shown in the [Table/Fig-10 and 11], the mAgNOR count showed 
a linear and significantly increasing trend as the histopathological 
grade [4] of the tumour increased (p<0.05). The total 57 cases of 
squamous cell carcinoma in our study were further graded into  
three grades according to the increasing number of the AgNOR 
dots (as shown in [Table/Fig-10]) and according to their morphology 
([Table/Fig-6, 7 and 8]) into well, moderately and poorly differentiated 
carcinomas.

[Table/Fig-8]: Squamous cell carcinoma Grade III – Nuclei show 6-10 
AgNOR dots which appear clumped together forming irregular bizarre 
clusters

Grade N Mean SD

I 40 4.1763 0.8157

II 8 6.3540 0.8913

III 9 8.7011 0.6543

[Table/Fig-10]: Study of mAgNOR Count According to the Grade of 
Tumor

Groups

Statistically 
significant 

difference with 
group

p value 
(less than)*

Not 
significant 
difference 
with group

p value 
(more than)

I IV, V, VI, VII <0.0001 II, III >0.0001

II V, VI, VII <0.0001 I, III, IV >0.0001

III V, VI, VII <0.0001 I, II, IV >0.0001

IV V, VI, VII <0.0001 I, II, III >0.0001

V I, II, III, IV, VI, VII <0.0001 – >0.0001

VI I, II, III, IV, V, VII <0.0001 – >0.0001

VII I, II, III, IV, V, VI <0.0001 – >0.0001

[Table/Fig-9]: Comparison of mAgNOR count between various groups 
using ANOVA

*Significant p-value

[Table/Fig-11]: Study of mean AgNOR count according to grade of 
tumor (Squamous cell carcinoma

[Table/Fig-7]: Squamous cell carcinoma Grade II – Nuclei show 3-4 
AgNOR dots with clustering and irregularities in size of AgNOR dots

DISCUSSION
The present study was conducted to evaluate the importance of 
AgNORs in differentiating benign, pre-malignant and malignant 
lesions of the oral cavity. The neoplastic cells generally exhibit a 
rise in the synthesis of normal and abnormal products and thus 
frequently feature a significant rise in the AgNOR material [8].  
The AgNOR counts increase with increased cell ploidy and 
with increased transcriptional activity in the stages of active cell 
proliferation [6]. Variations in the size and/or number of the AgNOR 
dots may depend on the stage of the cell cycle, the transcriptional 
and metabolic activity of the cell or the number of NOR-bearing 
chromosomes in the karyotype. In a rapidly proliferating cell, the 
chromosomal and AgNOR distribution remains disorganized with 
the resultant formation of multiple, small and dispersed nucleoli. 
Actively proliferating cells have impaired nucleolar association and 
therefore they exhibit a higher AgNOR count, regardless of the 
ploidy state of the cell.

Of the various newer techniques which are used for assessing the 
tumour tissue based on nuclear studies, the staining of AgNORS 
by a silver compound has become popular for its 

•	 Simplicity
•	 Ease	of	use
•	 Low	Cost
•	 Good	Correlation	with	other	proliferative	markers

Several studies have shown variations in the number and shape of 
the AgNORs of the normal mucosal cells and the malignant cells. In 
our study, it was observed that the AgNOR dots tended to be large, 
homogenously stained and regular in the nucleus of the normal 
epithelial tissues, hyperplasias and papillomas, whereas significant 
differences (irregular, giant and bizarre clusters) were seen in oral 
squamous cell carcinomas.

The mean AgNOR count of the normal epithelia in the present 
study was 1.19 ± 0.27. This value was comparable with that of 
the previous studies which were done by Kobayashi [26] 1.83 
± 0.66; Xin Xie [22] 2.3 ± 0.4; Yue et al (1999) [8] 1.67 ± 0.19; 
Chattopadhyay [10] 1.47 ± 0.39; Abbas et al (2002) [6] 1.98 ± 0.34 
and Manu Rai et al (2006) [7] 1.56 ± 0.42. 

The values of the mean AgNOR count for the hyperplasias and 
papillomas showed comparison with those of the other studies 
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which were conducted by Braz Dent [9], with the mean AgNOR 
count for papillomas being 3.15 ± 0.58 and for hyperplasias being 
1.98 ± 0.24. The value of the mean AgNOR count which was 
obtained in the present study (2007) for the papillomas was 2.15 ± 
0.84 and for hyperplasias, it was 2.68 ± 0.33.

The studies by Chattopadhyay [10] (mAgNOR – 2.37 ± 0.12) on 
leukoplakia of the oral mucosa showed comparable results with 
those of the present study (mAgNOR - 2.95 ± 0.65).

The values of the mean AgNOR count for the three grades of oral 
squamous cell carcinoma in the present study were found to be 
4.71 ± 0.81, 6.34 ± 0.89 and 8.70 ± 0.65 respectively. The mean 
AgNOR count showed a linear and significantly increasing trend 
as the histopathological grade of the tumour increased (p<0.05). 
These findings were consistent with those of the studies which 
were done by Yue et al 1999 [8], Abbas et al 2002 [6] and Rai in 
2006 [7], as shown in [Table/Fig-12].

Study Year Grade I Grade II Grade III

Yue et al 1999 3.1  ± 0.9 3.8  ± 1.1 5.1  ± 1.3

Braz Dent J 2000 6.56  ± 1.25 – 7.07  ± 1.60

Abbas et al 2002 3.2   ± 1.53 6.01  ± 4.61 6.94  ±5.83

Oliveira 2005 1.59  ± 0.22 2.15  ± 0.41 2.58  ± 0.60

Manu Rajaram 2006 3.29  ± 0.63 4.29  ± 0.78 5.21  ± 0.16

Present study 2007 4.17  ± 0.81 6.34   ±0.89 8.70  ± 0.63

[Table/Fig-12]: Mean AgNOR Count according to the Grades of 
Squamous Cell Carcinoma

All efforts were made to standardize the tissue processing and the 
staining techniques.

However, it must be mentioned that several technical difficulties 
were encountered during this study and it was felt that the staining 
method must be meticulously established with regards to the 
duration of the staining, the temperature, the purity of water, the 
reagents, etc. (all these parameters had a great influence on the 
final result) before it was adopted as a routine procedure. The 
use of the plastic slide containers for staining gave adequate and 
uniform staining at a low cost as compared to the use coplin jars 
or the inverted incubation technique.

Particular attention was paid to the cleanliness of the glassware 
and the purity of water in order to avoid background staining and 
non-specific granular deposits on the tissue sections [32]. The 
silver incubation time which rendered the most distinct diagnostic 
difference in the AgNOR content of the benign and malignant 
tissues varied considerably. Accordingly, the staining time had to 
be adjusted for the individual argyrophilia of each tissue block or 
tissue section, for which the use of internal staining standards such 
as lymphocytes or connective tissue was found to be mandatory. 
For routine purposes, the appropriate silver incubation time was 
achieved if the AgNORs are visible as black dots, mainly within 
the nucleoli of the proliferating cells [33]. The use of digital image 
analysis provided information about the size and distribution of 
the	 AgNORs.	 Evidently,	 these	 data	 were	 more	 important	 than	
the AgNOR number. In the hands of experienced pathologists 
and under standardized conditions, AgNOR staining and  
AgNOR quantification are a valuable completion of established 
methods [34].

However, there are certain limitations in our study like:

•	 Resolution	 of	 individual	 AgNORs	 within	 relatively	 small	
nucleolus

•	 Affinity	 of	 the	 nucleolus	 for	 silver	 stain	 which	 obscures	 the	
individual AgNORs in cases of intense staining

•	 A	 variable	 degree	 of	 overlap	 between	 high	 and	 low	 grade	
tumours.

A correlation between the AgNOR count and prognosis was too 
found in pre-malignant and malignant lesions of the cervix [12], 
colorectal cancer[18], benign and malignant effusions [17], adenoid 
cystic carcinoma [24] and breast carcinoma [14] It is of prognostic 
value also in ovarian cancer [15], transitional cell carcinaoma of the 
bladder [21] and glottic cancer[16]. 

Though the staining procedure is simple and cost effective, it needs 
a lot of dedication, standardization and meticulous bench work to 
achieve good results. Thus, we feel that the AgNOR technique can 
definitely be used as a supportive tool to the routinely performed 
haematoxylin and eosin staining and that it will help in the prognosis 
and the therapeutic decision making in squamous cell carcinomas 
of the upper aerodigestive tract.

CONCLUSION
Based on the present study, it appeared that the AgNORS which 
stained for the NOR associated proteins, acted as the markers for 
both cell proliferation and malignancy.

Hence, the AgNOR count can be a used as a supplementary factor 
for the difficult histoprognostic evaluation of various malignancies.

Further studies on larger numbers of samples are required to 
confirm the association of AgNOR with malignancy. Thus, the 
AgNOR numbers are of clinical importance in malignancies of the 
oral cavity and their estimation should be regarded as a valuable 
adjunct, in addition to the histopathological criteria for the evaluation 
of proliferative activity. It has been emphasized that patients with 
higher AgNOR counts in their tumours should be subjected to a 
careful follow up and more intensive radiotherapy.
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