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Role of quantitative nuclear cytomorphometric and NORdots count in prediction of carcinogenic induced oralcellular proliferative activity
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ABSTRACT
Introduction: To find a better way for predicting
the cellular proliferative activity of apparently
healthy oral epithelium exposed to certain
carcinogens. Methods: The nuclear area (NA)
and nucleolar organizer regions (NORs) counts
were compared with that of cytological atypia in
100 cases of epithelia exposed to toombak
(carcinogen), 100 controls (nonexposed) and
two cases of squamous cell carcinoma (SCC), as
internal controls. Results: Significant
differences in AgNOR (p<0.001) mean count
and NA mean values (P<0.001) were identified
between cases and controls. Significant
differences were also noted in AgNOR mean
count and NA mean values between cases and
two cases of SCC. Conclusions: AgNOR mean
count and NA are useful markers for prediction
of cytologically nonevident proliferative activity
of oral mucosa exposed to carcinogens.
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INTRODUCTION
Cancer is one of the major threats to public health inthe developed world and increasingly in the developingworld. In developed countries cancer is the second mostcommon cause of death. The prevalence of oral cancer isparticularly high among men, the eighth most commoncancer worldwide [1]. The geographical variations areindicative of differences in the prevalence of risk factorsbetween countries, cigarette and alcohol consumptionin particular. Oral cancer (OC) mortality is very high inSudan, particularly among men due to the habit ofToombak use (tobacco specific nitrosamine (TSN)) richtobacco [2]. In the Sudan, oral snuff, called toombak inthe local language, is homemade from finely groundleaves of Nicotiana rustica, a tobacco species with anespecially high content of nicotine and minor alkaloids.This tobacco is mixed with sodium bicarbonate (about4:1), then water is added to the mixture. After a periodof about two hours or longer the mixture, called “saffa”,is placed into the oral vestibule where it remains from afew minutes to several hours. Once the saffa becomesbland, it is replaced by a new quid; this is repeated 10 to30 times daily, each portion being one to three grams [3].Detection of a precancerous or cancerous lesion,when small, is one of the most important factors toimprove 5year survival rates of oral cancer. Althoughsurgical biopsy is the most definitive method for
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diagnosing oral lesions, it is impractical to routinelysubject large numbers of patients to biopsy. Recently,cytomorphometric assessments improved by advancedcomputerassisted image analysis systems have gainedimportance [4].The nucleolar organizer regions or (NORs) are loopsof Deoxyribonucleic Acid (DNA) located inchromosomes 1315 and 21. They are responsible forribosomic Ribonucleic Acid (RNA) copy [5, 6], and thenumber of Argyrpphilic NOR (AgNOR) per nucleus hasbeen correlated with rate of transcription of ribosomalRNA, proliferative activity and ploidy [7, 8]. They aremore numerous in malignant cells than normal ones.The size and number of NORs are increased inmalignant tumors and have a prognostic value [9].In the present study, we analyzed thecytomorphometric and NORs characteristics of oralepithelial cells in three groups, 1) individuals subjectedto toombak (exposed), 2) nontobacco users, and 3)patients with oral cancer.

MATERIALS AND METHODS
In this prospective casecontrol study, a total of 200clinically healthy volunteers from the city of Khartoum,aged between 14 and 70, with a mean age of 34 years, ofwhich 100 were toombak dippers (cases= exposed) and100 were nontobacco users (controls=nonexposed),were initially selected for the study. All toombak dippers(cases) were chosen among persons who have dippedtoombak at least for the last five years and at least fivetimes per day. Patients with clinically apparent oralmucosal lesions, and previously diagnosed benign ormalignant lesions were excluded from this study. Also,individuals who had drunk any alcoholic beverage forthe last five years were not included in the study. Twopatients with oral squamous cell carcinoma (OSCC)were included as internal controls.All cytologic smears were collected by the sameexaminer from the mucosa of the mouth from thetoombak dip site. Participants were asked to rinse theirmouth with saline solution for a minute beforecollection of the samples.The specimen collection site was dried by a smoothwipe so as to avoid silver staining of the mucoidmaterial of saliva during application of AgNOR methodto the slides. The material was collected by a smoothbrush after brushing the dipsite two times, and rinsingand cleaning the brush each time in a saline solution.This was done so as to collect cells from the inner layersof the oral mucosa. The material collected was smearedon two slides and immediately fixed in 95% ethylalcohol for 15 minutes. One slide was stained accordingto the Papanicolaou staining method [10] and the otherwas stained according to AgNOR staining methoddescribed by Ploton et al [11].Papanicolaou staining method: Ethyl alcoholfixed smears were hydrated in descendingconcentrations of 95% alcohol through 70% alcohol todistilled water, for two minutes in each stage. The

smears were then treated with Harris hematoxylin forfive minutes to stain the nuclei, rinsed in distilled waterand differentiated in 0.5% aqueous hydrochloric acid fora few seconds to remove the excess stain. This wasimmediately followed by rinsing in distilled water tostop the action of discoloration. Then the smears wereblued in alkaline water for a few seconds anddehydrated in ascending alcoholic concentrations from70% to 95% with two changes of 95% alcohol for twominutes each. The smears were next treated with EosinAzure 50 for four minutes. For cytoplasmic staining,smears were treated with Papanicolaou Orange G6 fortwo minutes, rinsed in 95% alcohol and then dehydratedin absolute alcohol. The smears were cleared in Xyleneand mounted in DPX (Distrene Polystyrene Xylene)mount. All the reagents used were from ThermoElectron Corporation, UK.Atypia was assessed cytologically by using the criteriadescribed elsewhere [12].The presence of two or more ofthe following features were consistent with atypia:nuclear enlargement associated with increased nuclearcytoplasmic ratio, hyperchromatism, chromatinclumping with moderately prominent nucleoli, irregularnuclear membranes and bi or multinucleation, scantcytoplasm, and variation in size and/or shape of thecells and nuclei.AgNOR staining method: The smears werestained according to the AgNOR staining method.Working solution was freshly prepared by mixing onevolume of 2% gelatin in 1% formic acid solution and twovolumes of 50% aqueous silver nitrate solution.All smears were treated with silver stain to detectAgNORs as follow: Smears were rehydrated by passingthrough descending graded alcohol to water, excesswater were shaken off and slides were placedhorizontally in humidified staining container. Smearswere covered by silver solution, and were placed in adark place for 45 minutes. Slides were then washed inthree changes of water. Smears were immersed in 5%Sodium thiosulphate for 10 minutes followed bywashing in running tap water. In the last step smearswere dehydrated, cleared in xylene and mounted in DPXand were ready for examination. AgNOR sites appear asintranuclear black dots in a pale yellow background.Two investigators, blind to the study groups,analyzed the silverstained cells under light microscope(Olympus BX1, Japan) at 1000x magnification. Allsmears were screened horizontally from left to right andAgNORs were counted in the nuclei of the first 50 nonoverlapping, inner layers, nucleated epithelial cells.Superficial cells with pyknotic nuclei were not counted.The AgNOR count was made adopting the methoddescribed by Crocker et al. [13] AgNORs, which werevisible as blackdark brown dots located within thenuclei of the cells, were counted; overlapped black dotswere counted as one structure. The number of AgNORdots was counted in 20 cells and the mean number wasobtained for each smear. To calibrate the examiners, tensmears from each group (cases, controls and internalcontrols) were counted two times in a nonconsecutiveway. Mean number of AgNORs and mean percentage of
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nuclei with more than three AgNORs was alsocalculated.For calculating the nuclear areas of the epithelialcells, twenty cells, having the same properties as thecells whose AgNORs were counted, were selected andthe nuclear area of each cell was calculated via themicroscopic stage micrometer. All smears wereexamined under the light microscope using 40xmagnifications. The mean NA of 20 cells was measuredfor each smear and the results multiplied by 2.4 toconvert it into microns.Statistical analysis: SPSS version 17 software wasused for statistical analysis. The numeric results(AgNOR counts and nuclear areas) were expressed asmean±SD, and the 95% confidence intervals (CIs) of themeans were calculated. The χ2 test was used to comparethe differences in categorical variables between thegroups. Relationships between variables were analyzedusing Pearson’s correlation analysis. A p<0.05 wasconsidered statistically significant.Ethical consent: Each participant was asked tosign a written ethical consent form during the interview,before the specimen was taken. The informed ethicalconsent form was designed and approved by the ethicalcommittee of the Faculty of Medical LaboratoryResearch Board, University of Khartoum.

RESULTS
In this casecontrol study the mean AgNOR and NAcounts were assessed among 202 individuals. The agemean was 34±10.8 years in the study population; theage distribution was similar among cases and controls.Cytological atypia was identified in four cases and wasnot present in controls (P<0.04). On Pap stained smearcytological atypia was identified in all cases with OSCC(internal control).The mean±SD of nuclear area of the oral epithelialcells of cases (10.67±0.087µm2) was significantlyhigher than controls (9.39±.090µm2) (p<0.001). Themean±SD of AgNOR count per nucleus in the controls(2.15±0.03) was lower than the cases (3.32±0.07)(p<0.001).The mean number of nuclear area measuring morethan 10µm2 was 80% in cases (exposed), 100% in casesof OSCC and 18% in controls, while the mean number ofnuclei having more than two AgNOR dots was 99%,100% and 1% in cases (exposed), cases with OSCC andcontrols, respectively, as shown in Table 1. All four caseswith cytologic atypia have shown NA< 10µm2 andAgNOR<3 dots per nucleus.

DISCUSSION
In this study we have taken toombak dippers ascases exposed to carcinogens, since toombakcarcinogenicity is well established. Chemical analyseshave shown that toombak contains high concentrationsof the highly carcinogenic nitrosonornicotine (NNN)

and 4(methylnitrosamine)1(3pyridy1)1butanon(NNK) [14]. In fact, levels of these nitrosamines intoombak are 100fold higher than those in Westernsnuff products [15].

Figure 1: Buccal smear from Toombak user, showing featuresof cytological atypia (Pap stain, x40).

Figure 2: Buccal smear from patient with OSCC. Mean AgNORdots was 4.8 (x100).

Figure 3: Buccal smear from apparently healthy control. MeanAgNOR dots was 1.7 (x100).
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Epidemiological evidence suggests that toombak is arisk factor for cancer of the oral cavity and possibly ofthe esophagus in the Sudan [16, 17, 2]. Since, thesestudies indicate that the habit of toombak dipping playsa role in the etiology of oral cancer, we considered cellsobtained from oral mucosa of toombak dippers asepithelium exposed to carcinogens.The employment of oral exfoliative cytology inclinical practice has declined due to the biased nature ofits interpretation and because there may be only a smallnumber of atypical cells in a smear. The recent use ofquantitative methods has enhanced the potential role ofcytology, inspiring a reevaluation of its value in theearly detection and diagnosis of oral cancer. This studyconsiders the influence of the quantitative analysis ofcytomorphology (NA) and NORs cell proliferativemarkers applied to oral exfoliative cytological samples.The findings of the presence study indicate that oralcytology may provide an important addition in theassessment of the patients with precancerous andpotentially cancerous oral lesions.The current study shows that the mean of (NA) ofthe oral epithelial cells of cases was significantly higherthan controls (p<0.001). Therefore, this cellproliferation marker (NA) is a useful marker for earlyprediction of cellular proliferative activity on oral

Figure 4: Buccal smear from toombak user. Mean AgNORdots was 2.5 (x100).

exfoliative cells that are exposed to carcinogens (e.gtoombak). Measurement of nuclear size, cell size andnuclear/cytoplasmic ratio were the three mostimportant factors to consider when producing a baselinefor normal oral squamous epithelium [18]. Many studiesfound that, the use of tobacco influences thecytomorphology of the normal buccal mucosa [19, 20].The study by Pektas et al. [4] concluded thatcytomorphometric analysis via oral brush biopsy is avaluable adjunct to biopsy for identification ofpremalignant and early stage cancerous oral lesions as arapid and minimally invasive procedure with highspecificity and sensitivity rates, requiring no topical orlocal anesthetic. However, there is only one study [21]which assessed the NA among toombak dippers andfound significant elevation in the mean NA incomparison with nontobacco users.Nucleolar organizer regions (NORs) are located inthe cell nucleoli during interphase. They are loops ofDNA in which ribosomal RNA is encoded. Their numberper nucleus has been shown to be correlated with therate of ribosomal RNA transcription, cell proliferationand DNA ploidy [22].The mean AgNOR dot counts have been of greatvalue for the appraisal of cellular proliferative activitythat is commonly verified in premalignant andmalignant changes [23]. A number of studies havepointed out that the AgNORs count is a rapid and aneasily reproducible method which permits a cleardistinction between malignant and benign cells [24, 10,21].Results of both mean AgNOR counts and mean NAshow that cellular proliferation is significantly higher intoombak users and this causes an increase in thenuclear atypical changes of oral epithelial cells, whichcan be accepted as a progression towards features ofdysplastic cellular changes. It is well established that,changing of a normal cell to a malignant cell requiresthe occurrence of a precursor non malignant cell, whichexhibits increased DNA changes, cell proliferation andapoptosis [25].However, one of the limitations of this study is thatwe did not count the cytoplasmic area which might give
Table 1: Distribution of study population by NA and the mean AgNOR count.
Study Population Nuclear area (mean)(μm) Total

<10 >10
Cases 20 80 100
Controls 82 18 100
Total 102 98 200

Mean AgNOR count Total
<2 >2

Cases 1 99 100
Controls 47 53 100
Total 48 152 200
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extra evidence for cellular proliferative activity.Moreover, the use of oral exfoliative cytology as adiagnostic aid accentuates the need for establishing anaccurate baseline, thereby enabling the comparison ofabnormal oral tissue with established baseline. Somestudies have assessed these markers in association withmany other variables. The study by Patel et al. [26]assessed changes in the nuclear area (NA), cytoplasmicarea (CA), and nuclear:cytoplasmic ratio (N:C ratio)values for clinically normal gingival smears in relationto age and sex of apparently healthy subjects. The resultshowed that there was a significant difference(p<0.001) in NA, CA, and N:C in males and females ofdifferent age groups. The difference in N:C betweenmales and females was significant (p<0.001) in all thegroups. The difference in NA, CA, and N:C with ageirrespective of gender was significant (p<0.05). Therewas a significant difference (p<0.05) between malesand females with respect to NA, CA, and N:Cirrespective of age. Many studies have shown thatcytomorphometric analysis of keratinocytes can serve asa useful adjunct in the early diagnosis of oral squamouscell carcinomas [27, 28].In conclusion, our results support the use of NA andNORs as cellular proliferative markers for prediction ofcellular atypical changes that might develop intopremalignant or malignant lesions. Techniques forperforming NA and AgNORs are cheap with noninvasive sampling procedure, which might be suitablefor comprehensive screening of at risk population(exposed to carcinogens).As Toombak use is common in the Sudan, All thoseconcerned in the habit of toombak use shouldundertake a constant screening program.
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