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Abstract

Aim and Objective: The role of prognosis cannot be stressed enough, especially when it comes to potentially malignant 
lesions. The  argyrophilic nucleolar organizer regions (AgNORs), which is simple and cost‑effective has been used 
in diagnostic and prognostic pathologies. This study seeks to identify the nucleolar organizer regions (NORs) in oral 
submucous fibrosis (OSMF), to correlate the AgNOR count with the histologic grade of OSMF, and to evaluate the 
prognostic potential of AgNOR. Materials and Methods: The sample size consisted of archival paraffin blocks of 35 cases 
of varying grades of OSMF and 10 cases of squamous cell carcinoma. Normal mucosa samples served as controls for 
the study. AgNOR staining in accordance with the method of Smith and Crocker was performed and Student’s t‑test 
was used for statistical analysis. Results: The results showed an increase in AgNOR counts with corresponding grades 
of OSMF, the count being least in normal mucosa and also an increase in AgNOR count with corresponding decrease 
in differentiation of oral squamous cell carcinoma. Conclusion: AgNOR staining is a rapid and inexpensive procedure 
representing cellular proliferation that can be used to assess the nature of the lesion and therefore, the prognosis.

Key words: Argyrophilic nucleolar organizer regions, oral submucous fibrosis, potentially malignant disorder, 
prognosis

INTRODUCTION

Submucous fibrosis affects any part of the oral cavity, 
may also involve the pharynx, and is insidious in nature. 
Paymaster first mentioned the potentially malignant 
nature of submucous fibrosis and described the 
occurrence of squamous cell carcinoma in association 
with submucous fibrosis.[1]

The facts that a high percentage of patients with oral 
cancer had coexisting submucous fibrosis, that epithelial 
atypia is present in 13–14% of all cases, and that 
histologic carcinoma is found in 5–6% of cases without 

clinical signs of cancer suggest that the disease is a 
potentially malignant condition.

With regard to the above, varying methods have been 
employed previously for identifying proliferative cells 
in tissue sections such as mitotic assessment, DNA 
fluorocytometry, autoradiographic methods, DNA and 
RNA applications, in situ hybridization, and monoclonal 
antibodies to identify proliferation‑related antigens. The 
major disadvantages in the above techniques are that 
they are time‑consuming and expensive. Claims that 
argyrophilic nucleolar organizer regions (AgNORs) are 
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significantly increased in malignant cells compared to 
normal, reactive, and benign neoplastic cells have drawn 
much attention of late.

Nucleolar organizer regions

Dense nucleolar structure containing ribosomal 
RNA (rRNA) genes, RNA transcripts, and associated 
proteins, apparent in thin sections is defined as the 
chromosomal nucleolar organizer region (NOR).[2] 
In situ hybridization techniques have proved that these 
sites represent loops of DNA that transcribe to rRNA, 
later ribosomes, and ultimately proteins.[3] Involvement 
of NORs in ribosome production and possible 
qualitative or quantitative modifications in interphase 
NORs with regard to proliferation or transformation 
could help in diagnosis or prognosis.[4]

Certain genetic disorders were evaluated by cytogeneticists 
using NORs for the first time (De La Cruz and 
Gerald PS, 1981).[5] NORs are seen on the acrocentric 
chromosomes [13, 14, 15, 21, and 22] and transcription 
of their genes is thought to play an important role in the 
production of ribosomes and proteins. A variety of acidic 
NOR‑related proteins can be identified visually due to 
their argyrophilia. Goodpasture and Bloom developed 
a two‑step method for silver staining NOR‑associated 
proteins (NORAPs) in 1975.[6] Subsequent changes 
have reduced the technique to a single stage and also 
more refinements to reduce the problem of nonspecific 
background staining. The technique has now been 
transferred to the histopathology laboratory so that it can 
be used reliably on formalin‑fixed, paraffin‑embedded 
tissues. AgNOR analysis does not depend on image 
analysis and can be easily applied in routine work.[7]

The argyrophilic staining of NORs has practical 
application in diagnostic pathology for evincing 
neoplastic potential, prognosis, and aggressiveness 
of malignant neoplasms.[8] The technique is used to 
predict the biologic behavior of oral submucous fibrosis 
(OSMF) in this study. It includes the silver staining of 
sections from formalin‑fixed, paraffin‑embedded tissue 
blocks of OSMF, evaluating silver‑binding nucleolar 
organizer regions (AgNORs) and correlating the data 
with histologic grading.

The AgNOR method stains NOR‑associated proteins: 
activity condition or indeed malignancy may be shown 
by the number of nucleolar AgNORs.[9] The advantages 
of this technique are its simplicity, reliability, and 
specificity. Numerous studies have shown AgNOR 
count to be a rapid and easily reproducible method 

permitting clear distinction between benign and 
malignant cells.[10]

Methods of visualization

NORs can be visualized directly by such specific 
methods as electron microscopy, in situ hybridization, 
and immunolabeling or indirectly by identifying the 
proteins associated [nucleolar organizer associated 
proteins (NORAPs)]. The argyrophil method 
is directed against the NORAPs and is the most 
commonly used. Due to their high‑electron charge 
density, NORAPs, especially nucleoli, show affinity 
to silver stains. Affinity may also be expressed due 
to the presence of specific bonds and biochemical 
configuration of the NORAPs, for example, due to 
carboxyl and phosphate moieties.

The AgNOR method

The acidic AgNOR proteins were first localized at the 
electron microscope level by Hernandez‑Verdun et al. 
using the usual three‑step method of Goodpasture 
and Bloom (1975). Subsequently, Howell and Black[11] 
suggested a one‑step technique to reduce time. This 
reaction primarily uses gelatin as a protective colloid 
to control silver staining and consists of mixing 
silver nitrate and formic acid in optimal proportions. 
Various modifications of this technique have been 
proposed and utilized; preincubation with glycine 
to reduce incubation time, substitution of gelatin 
with polyethylene glycol as a protective colloidal 
developer, primarily used to reduce background 
staining. Celluloid in film has also been used to reduce 
nonspecific deposits.[12] Internal controls, period of 
incubation, control of staining time, and reduction of 
background deposits are integral to the process.

This study seeks to compare the AgNOR count in 
histologic grades of OSMF with normal mucosa and 
also with different grades of oral squamous carcinoma 
so as to know the possibility of using the AgNOR count 
in the prognosis of submucous fibrosis. The study 
differs from the earlier one by Rajendran R (1992) with 
regard to section thickness and also the comparison is 
limited to histologic grading only.

Aims and objectives

•	 To	identify	the	NORs	in	OSMF
•	 	To	correlate	 the	AgNOR	count	with	 the	histologic	

grade of OSMF
•	 	To	evaluate	the	potential	of	AgNOR	as	a	prognostic	

indicator.
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MATERIALS AND METHODS

This study was undertaken by retrieving the archival 
paraffin blocks of the cases of OSMF over a period of 
10 years from the Department of Oral Pathology and 
Microbiology, Bapuji Dental College and Hospital, 
Davangere, Karnataka, India. The study included 
35 histologically confirmed cases of OSMF and 10 cases 
of squamous cell carcinoma. Ten samples of normal oral 
mucosa constituted the controls. The paraffin blocks 
were sorted out, sections prepared, and stained with 
hematoxylin and eosin, Van Gieson’s stain, and silver 
colloid stain.

Modified procedure of Smith and Crocker was used for 
AgNOR staining. 5µ sections from routinely processed 
paraffin blocks were dewaxed in xylene (3–5 min), and 
then rehydrated through ethanols to distilled water. 
Gelatin was dissolved in 1 g/dL aqueous formic acid 
at a concentration of 2 g/dL to prepare the AgNOR 
solution, which was mixed [1:2 volumes] with 50‑g/dL 
aqueous silver nitrate solution to obtain the final 
working solution. The tissue sections were immersed 
in this solution at room temperature in a dark place 
for 40 min. Distilled water was used to wash the silver 
colloid solution, sections were dehydrated through 
ethanols to xylene, and then mounted in  DPX.

Counting procedure

In all specimens, 100 cells were selected randomly 
and the AgNORs were identified as black dots 
(100x magnification). The number of individually 
discernible and separate black dots in each nucleus was 
noted and the average for each case was computed. In 
cases where two or more dots were not individually 
discernible, the score was counted as one.

Histologic grading of oral submucous fibrosis

The OSMF cases were graded according to the grading 
given by Pindborg and Sirsat.[1]

Statistical analysis

Statistical significance of the values between the different 
groups was determined by using the Student’s t‑test.

RESULTS

AgNORs were studied in 35 cases of OSMF 
and 10 cases of squamous cell carcinoma (5 well 
differentiated and 5 poorly differentiated) [Figures 1‑6, 
and Graph 1]. Ten cases of normal oral mucosa 
constituted the control group [Figure 7]. The 

35 cases of OSMF were further graded histologically 
[Figures 8‑15 and Graph 2] as very early (grade 1), 
early (grade 2), moderately advanced (grade 3), and 
advanced (grade 4).

In all specimens, 100 cells were selected randomly and 
the AgNORs were clearly visible as black dots in the 
nuclei and the nuclei exhibited a light brown hue. A bar 
graph showing the mean AgNOR count/nucleus in 
each category is shown.

In normal mucosa, the mean AgNOR count was 
1.57 ± 0.21. The mean AgNOR counts in the 
moderately advanced and advanced stages of OSMF 
were higher than those in the very early and early cases. 
A nonsignificant comparison was noted between early 

Figure 1: AgNORs in Grade 1 OSMF (100x)
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Graph 1: Distribution of cases taken for the study
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Graph 2: Gradewise distribution of oral submucous fibrosis cases
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Figure 3: AgNORs in Grade 3 OSMF (40x)Figure 2: AgNORs in Grade 2 OSMF (40x)

Figure 4: AgNORs in Grade 4 OSMF (40x) Figure 5: AgNORs in WDSCC (40x)

Figure 6: AgNORs in PDSCC (100x)

OSMF and moderately advanced OSMF and between 
moderately advanced OSMF and advanced OSMF 
cases. Comparison of the different groups and the 
corresponding ranges and mean counts of AgNORs are 
given in Table 1. The mean AgNOR count was highest 
in poorly differentiated squamous cell carcinoma and 
lowest in very early submucous fibrosis (P < 0.001, 
t = 27.84). The comparisons of the corresponding 

t and P values between the rest of the categories were 
significant [Table 2].

Grading of oral epithelial dysplasia in OSMF and the 
corresponding AgNOR counts are given in Table 3. 
Comparison of the scored AgNOR counts and levels 

Figure 7: AgNORs in normal mucosa (40x)
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Table 2: Comparison of AgNOR counts 
between normal mucosa, grades of OSMF, 

well‑differentiated and poorly differentiated SCC 
and their corresponding t and P values

Comparison T P
Normal vs grade 1 4.58 <0.001
Normal vs grade 2 7.02 <0.001
Normal vs grade 3 4.81 <0.001
Normal vs grade 4 9.52 <0.001
Grade 1 vs grade 2 2.57 <0.05
Grade 1 vs grade 3 2.47 <0.001
Grade 1 vs grade 4 5.41 >0.2 NS
Grade 2 vs grade 3 1.37 <0.01
Grade 2 vs grade 4 4.03 >0.2 NS
Grade 3 vs grade 4 1.50 <0.001
Normal vs WDSCC 31.06 <0.001
Normal vs PDSCC 51.78 <0.001
Grade 1 vs WDSCC 18.07 <0.001
Grade 1 vs PDSCC 27.87 <0.001
Grade 2 vs WDSCC 14.4 <0.001
Grade 2 vs PDSCC 21.3 <0.001
Grade 3 vs WDSCC 6.46 <0.001
Grade 3 vs PDSCC 9.01 <0.001
Grade 4 vs WDSCC 6.46 <0.001
Grade 4 vs PDSCC 10.74 <0.001
WDSCC vs PDSCC 5.71 <0.001
WDSCC=Well-differentiated squamous cell carcinoma, PDSCC=Poorly 
differentiated squamous cell carcinoma

Table 1: Comparison of different groups and 
corresponding ranges and mean AgNOR counts

Category Range Mean±SD
Normal mucosa (n=10) 1.36-1.97 1.57±0.21
Grade 1 OSMF (n=7) 2.03-3.34 2.32±0.45
Grade 2 OSMF (n=11) 2.15-3.89 3±0.6
Grade 3 OSMF (n=11) 2.11-6.54 3.59±1.29
Grade 4 OSMF (n=6) 3.11-5.98 4.5±0.93
Well-differentiated SCC (n=5) 7.12-8.45 7.55±0.55
Poorly differentiated SCC (n=5) 8.68-9.62 9.26±0.37
SCC=Squamous cell carcinoma

Figure 10: OSMF––H and E––Grade 3 (10X)

Figure 8: OSMF––H and E––Grade 1 (5X)

Figure 9: OSMF––H and E––Grade 2 (5X)

of significance between different grades of epithelial 
dysplasia with normal oral mucosa is given in Table 4.

DISCUSSION

Early detection seems to significantly decrease 
the morbidity rate in oral cancer. Aberrations in 
proliferation kinetics of a cell are a crucial factor in 
the progression of tumors.[13] NORs are useful in the 
determination of cellular activity and application in 

neoplastic lesions.[14] Proliferation rates may be 
assessed by AgNORs on cytologic or histologic 
preparations.[15] Anticipating survival in human 
neoplasia is aided by the use of AgNOR number, 
pattern, and distribution.[16] Differences in the number 
of visualized AgNORs are based on transcription 
activity level, chromosome number related to the 
NORs in karyotype, and phase of cellular cycle as the 
nucleolus disperses before mitosis and reorganizes 
later on.[17] Information about the velocity of cell 
proliferation rate is provided by the number of 
AgNORs as compared to many proliferation markers 
that indicate only whether cells are dividing or not.[18] 
AgNORs have been applied in tumor histopathology 
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for assessing tumor growth and malignant potential, 
difference between benign and malignant lesions, 
prognosis, and also recurrence of lesions.[19]

AgNOR numbers are related to cell proliferation 
and metabolic activity of cells.[20] A higher count 
of AgNORs may be due to active cell proliferation 
states, transcriptional activity, and increased cell 
ploidy.[21] AgNORs are not characteristic of malignancy 

as such but demonstrate metabolic changes with 
regard to malignant transformation.[22] The impaired 
nuclear activity in proliferating cells results in a 
higher AgNOR count, which relates to the lesion’s 
malignant potential.[23] Quantification of interphase 
AgNORs is useful in the assessment of cell 
kinetics.[24] Determination of ploidy, proliferation 
activity, and metabolic cell activity not associated with 
proliferation by AgNOR count has been described as a 
good method.[25]

The mean AgNOR counts in our study were consistent 
with the findings of Rajendran and Nair (1992)[26] 
in submucous fibrosis patients in terms of the levels 
of significance. AgNORs detect cellular alterations 
before morphologic expression.[27] The number of 
NORs expressed in a tissue is related to the rate of 
cellular proliferation, differentiation and its malignant 
transformation.[28,29]

A higher frequency and scattered dispersion of 
nucleolar organizer regions NORs are reported in 
malignancies. The higher counts in tissue section are 

Figure 11: OSMF––H and E––Grade 4 (10X) Figure 12: OSMF––Van Gieson’s stain––Grade 1 (10X)

Figure 13: OSMF––Van Gieson’s stain––Grade 2 (10X)
Figure 14: OSMF––Van Gieson’s stain––Grade 3 (10X)

Figure 15: OSMF––Van Gieson’s stain––Grade 4 (10X)
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probably due to both increased transcriptional activity 
and the nucleolus dispersion.[30]

Comparison of AgNOR with degree of epithelial 
dysplasia

A significant correlation was noted between the control 
group and the different grades of dysplasia [Table 4].

Only one nonsignificant correlation was noted between 
the group showing no dysplasia and the one with low 
dysplasia (P > 0.4, t = 0.95).

The comparisons of the corresponding t and P values 
between the rest of the categories were significant 
(normal vs no dysplasia: t = 5.7, P < 0.001; normal 
vs low dysplasia: t = 3.71, P < 0.01; normal vs 
medium dysplasia: t = 8.23, P < 0.001; no dysplasia 
vs medium dysplasia: t = 2.82, P < 0.02 and low 
dysplasia vs medium dysplasia: t = 3.47, P < 0.01] 
[Table 4].

Since AgNOR number expressed in a tissue is related 
to the rate of cellular proliferation, differentiation 
and malignant change,[28,29] it could be possible that 
a high AgNOR score would concur with a poor 
prognosis.

Vuhahula et al. (1995)[31] noted increased AgNOR 
counts with higher histologic grades in their study 
on the biologic behavior of salivary adenoid cystic 
carcinoma. They suggested the potential ability of 
the AgNOR count to portray the biologic behavior 
of adenoid cystic carcinoma. These findings are 
consistent with our findings where we noted an 
increased AgNOR count with higher histologic 
grades in OSMF [Table 1 and Graph 3]. Variations 
in AgNOR counts may be attributed to differences 
in section thicknesses, tissue fixation times, and the 
judgment of the investigator.[32] In our study, we 
noticed a progressive increase in the mean AgNOR 
count in the histologic grades of OSMF cases and with 
respect to the degree of dysplasia. These findings may 

be suggestive of a poor prognosis in concurrence with 
other studies.[16,33]

However, further studies with comparison of clinical 
grading and recalls with greater number of patients are 
required to substantiate these findings and also to obtain 
a more comprehensive result.

CONCLUSION

AgNOR staining is a rapid, efficient, and inexpensive 
procedure and provides useful information regarding 
cellular proliferation. The fact that higher grades 
of OSMF and poorly differentiated squamous cell 
carcinoma show higher AgNOR counts may be useful 
in assessing the aggressive nature of the lesion and 
hence, the prognosis. Further prospective studies with 
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Table 4: Comparison of AgNOR counts between 
different grades of epithelial dysplasia in OSMF 

and their corresponding t and P values
Comparison T P
Normal vs no dysplasia 5.7 <0.001
Normal vs low dysplasia 3.71 <0.01
Normal vs medium dysplasia 8.23 <0.001
No dysplasia vs low dysplasia 0.95 >0.4 NS
No dysplasia vs medium dysplasia 2.82 <0.02
Low dysplasia vs medium dysplasia 3.47 <0.01

Table 3: Comparison between different grades of epithelial dysplasia in OSMF and corresponding AgNOR 
counts

Grade of  
epithelial 
dysplasia

OSMF grade I OSMF grade II OSMF grade III OSMF grade IV Total 
cases

Pooled 
AgNOR 
count

No. of  
cases

AgNOR 
count (range)

No. of  
cases

AgNOR 
count (range)

No. of  
cases

AgNOR 
count (range)

No. of  
cases

AgNOR 
count (range)

Absent 1 2.08 1 2.79 1 2.57 - - 3 2.48±0.36
Low 4 2.03-2.24 6 2.15-2.81 4 2.11-2.83 3 3.11-5.98 17 2.82±1.04
Medium 2 2.23-3.34 4 3.32-3.89 6 3.41-6.54 3 4.13-4.52 15 4.02±0.92
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more number of cases including patient recall are 
required to substantiate these findings.

Acknowledgement

Mr. Prakash MK, Laboratory Technician, Bapuji Dental 
College & Hospital, Davangere, Karnataka, India.

Financial support and sponsorship

Nil.

Conflicts of interest

There are no conflicts of interest.

REFERENCES

1. Pindborg JJ, Sirsat SM. Oral submucous fibrosis. Oral Surg Oral 
Med Oral Pathol 1966;22:764‑79.

2. Tröster H, Spring H, Meissner B, Schultz P, Oudet P, 
Trendelenburg MF. Structural organization of  an active, 
chromosomal nucleolar organizer region (NOR) identified by 
light microscopy, and subsequent TEM and STEM electron 
microscopy. Chromosoma 1985;91:151‑63.

3. Rajput DV, Tupkari JV. Early detection of  oral cancer: PAP and 
AgNOR staining in brush biopsies. J Oral Maxillofac Pathol 
2010;14:52‑8.

4. Egan MJ, Crocker J. Nucleolar organiser regions in pathology. Br 
J Cancer 1992;65:1‑7.

5. Smith R, Crocker J. Evaluation of  nucleolar organizer 
region‑associated proteins in breast malignancy. Histopathology 
1988;12:113‑25.

6. Kamath VV, Sastry KA. Nucleolar organizer regions (NORs) in 
oral lesions. Indian J Oral Pathol 1994;1:1‑11.

7. Gill M, Singh U, Mahapatra QS, Gehlot S, Gupta V, Sen R. 
Role of  argyrophilic nucleolar organizer region staining 
in identification of  malignant cells in effusion. J Cytol 
2011;28:191‑5.

8. Crocker J, Boldy DA, Egan MJ. How should we count 
AgNORs? Proposals for a standardized approach. J Pathol 
1989;158:185‑8.

9. Ploton D, Menager M, Jeannesson P, Himber G, Pigeon F, 
Adnet JJ. Improvement in the staining and in the visualization of  
the argyrophilic proteins of  the nucleolar organizer region at the 
optical level. Histochem J 1986;18:5‑14.

10. Ahmed HG, Babiker AE. Assessment of  cytological atypia, 
AgNOR and nuclear area in epithelial cells of  normal oral mucosa 
exposed to toombak and smoking. Rare Tumors 2009;1:e18.

11. Howell WM, Black DA. Controlled silver‑staining of  nucleolus 
organizer regions with a protective colloidal developer: A 1‑step 
method. Experientia 1980;36:1014‑5.

12. Chiu KY, Loke SL, Wong KK. Improved silver technique for 
showing nucleolar organizer regions in paraffin wax sections. 
J Clin Pathol 1989;42:992‑4.

13. Pillai KR, Sujathan K, Madhavan J, Abraham EK. Significance 
of  silver‑stained nucleolar organizer regions in early diagnosis 
and prognosis of  oral squamous cell carcinoma: A multivariate 
analysis. In vivo 2005;19:807‑12.

14. Chowdhry A, Deshmukh RS, Shukla D, Bablani D, Mishra S. 

Quantitative estimation of  AgNORs in normal, dysplastic and 
malignant oral mucosa. Biomed Pap Med Fac Univ Palacky 
Olomouc Czech Repub 2014;158:282‑7.

15. Madewell BR. Cellular proliferation in tumors: A review of  
methods, interpretation, and clinical applications. J Vet Intern 
Med 2001;15:334‑40.

16. Teixeira G, Antonangelo L, Kowalski L, Saldiva P, Ferraz A, 
Silva Filho G. Argyrophilic nucleolar organizer regions staining 
is useful in predicting recurrence‑free interval in oral tongue 
and floor of  mouth squamous cell carcinoma. Am J Surg 
1996;172:684‑8.

17. Cano Montoya LC, Alvarez Gómez GJ, 
Valencia Londoño WA, Ramirez España JA, Prada Navas CA. 
Analysis of  the tissue marker AgNOR in leukoplakia and oral 
squamous cell carcinoma. Med Oral 2002;7:17‑25.

18. Hildebrand LD, Carrard VC, Lauxen ID, de Quadros OF, 
Chaves AC, Sant’ Ana‑Filho M. Evaluation of  cell proliferation 
rate in non‑dysplastic leukoplakias. Med Oral Patol Oral Cir 
Bucal 2010;15:e328‑34.

19. Elangovan T, Mani NJ, Malathi N. Argyrophilic nucleolar 
organizer regions in inflammatory, premalignant, and malignant 
oral lesions: A quantitative and qualitative assessment. Indian J 
Dent Res 2008;19:141‑6.

20. Fontes PC, Corrêa GH, Issa JS, Brandão AA, Almeida JD. 
Comparison of  exfoliative pap stain and AgNOR counts of  
the tongue in smokers and nonsmokers. Head Neck Pathol 
2008;2:157‑62.

21. Kamath KP, Vidya M, Shetty N, Karkera BV, Jogi H. Nucleolar 
organizing regions and alpha‑smooth muscle actin expression in a 
case of  ameloblastic carcinoma. Head Neck Pathol 2010;4:157‑62.

22. Schwint AE, Savino TM, Lanfranchi HE, Marschoff  E, 
Cabrini RL, Itoiz ME. Nucleolar organizer regions in lining 
epithelium adjacent to squamous cell carcinoma of  human oral 
mucosa. Cancer 1994;73:2674‑9.

23. Ananthaneni A, Udayashankar U, Guduru VS, Ramprasad VV, 
Ramisetty SD, Namala S, et al. A qualitative and quantitative 
analysis of  AgNORs in keratocystic odontogenic tumor, 
unicystic ameloblastoma and multicystic ameloblastoma. J Clin 
Diagn Res 2014;8:FC14‑5.

24. Moradzadeh Khiavi M, Vosoughhosseini S, Halimi M, 
Mahmoudi SM, Yarahmadi A. Nucleolar organizer regions 
in oral squamous cell carcinoma. J Dent Res Dent Clin Dent 
Prospects 2012;6:17‑20.

25. Orellana‑Bustos AI, Espinoza‑Santander IL, Franco‑Martínez ME, 
Lobos‑James‑Freyre N, Ortega‑Pinto AV. Evaluation of  keratinization 
and AgNORs count in exfoliative cytology of  normal oral mucosa 
from smokers and non‑smokers. Med Oral 2004;9:197‑203.

26. Rajendran R, Nair SM. Silver‑binding nucleolar organizer region 
proteins as a possible prognostic indicator in oral submucous 
fibrosis. Oral Surg Oral Med Oral Pathol 1992;74:481‑6.

27. Schwint AE, Gomez E, Itoiz ME, Cabrini RL. Nucleolar 
organizer regions as markers of  incipient cellular alterations in 
squamous epithelium. J Dent Res 1993;72:1233‑6.

28. Prasanna M, Charan C, Reddy Ealla KK, Surekha V, Kulkarni G, 
Gokavarapu S. Analysis of  silver stained nucleolar organizing 
regions in odontogenic cysts and tumors. J Oral Maxillofac 
Pathol 2014;18(Suppl 1):S45‑8.

29. Girish KL, Kumaraswamy KL, Balan U, Jose M. Estimation of  
argyrophilic nucleolar organizer regions in different grades of  
oral submucous fibrosis. J Oral Maxillofac Pathol 2015;19:192‑7.

30. Crocker J, Nar P. Nucleolar organizer regions in lymphomas. 
J Pathol 1987;151:111‑8.



Murgod, et al.: AgNORs in oral submucous fibrosis

175   Journal of International Society of Preventive and Community Dentistry Mach-April 2016, Vol. 6, No. 2

31. Vuhahula EA, Nikai H, Ogawa I, Miyauchi M, Takata T, Ito H, 
et al. Correlation between argyrophilic nucleolar organizer 
region (AgNOR) counts and histologic grades with respect to 
biologic behavior of  salivary adenoid cystic carcinoma. J Oral 
Pathol Med 1995;24:437‑42.

32. Chatterjee R, Mukhopadhyay D, Chakraborty RN, 
Mitra RB. Evaluation of  argyrophilic nucleolar organizer 

regions (AgNORs) in oral carcinomas in relation to human 
papillomavirus infection and cytokinetics. J Oral Pathol Med 
1997;26:310‑4.

33. Jindal S, Chauhan I, Grewal HK. Alteration in buccal mucosal 
cells due to the effect of  tobacco and alcohol by assessing the 
silver‑stained nucleolar organiser regions and micronuclei. 
J Cytol 2013;30:174‑8.


