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ABSTRACT. The micronucleus test (MN) is used as an indicator of
genotoxic exposition, since it is associated with chromosome aberrations.
An increased mutation rate in oral squamous cells, indicated by an
increased MN frequency, is also related to the development of oral car-
cinomas. We evaluated the frequencies of MN and other metanucleated
anomalies in the buccal squamous cells of 30 alcoholics with oral or
oropharyngeal carcinomas, and compared them to a control group of
abstinent health individuals. Microscopic examination was made of 2000
cells per individual from each of three distinct areas of the mouth: around
the lesion (A), opposite to the lesion (B) and in the upper gingival-labial
gutter (C); C was used as a control region because of low tumor
frequency. There was a seven-fold increase in MN frequency in region
B, athree-fold increase in region A and a two-fold, though nonsignificant,
increase in C; indicating a gradient of frequencies towards carcinogenesis:
C - A — B. Comparisons of frequencies of various types of
metanucleated cells: binucleated, karyorrhexis (KR), karyolysis (KL.) and
broken egg (BE) in patients and controls showed, with few excep-
tions, highly significant differences. This gave us a better understanding
of the dynamics of this squamous epithelium, supporting a more
efficient biomonitor based on these various metanucleated anomalies:
the repair index R|=(KL +KR)/(MN +BE). Also, the apparently
contradictory results from regression analysis revealed that the MN
frequency decreased with age and alcohol consumption, probably
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because of slow cell proliferation, and consequently led to a loss of
homeostasis due to aging. In addition, in the analysis of nonparametric
variables only one CAGE question was significant, confirming the
effect of alcohol. In conclusion, the MN test and the repair index could
be used for monitoring clinical evolution, by means of intra- and inter-
individual cellular comparisons, in subjects with healed or surgically
removed tumors or leukoplastic lesions, after chemo- or radiotherapeutic
treatments.

Key words: Micronuclei, Alcohol, Oral cancer, Nuclear anomalies,
Cancer genetics

INTRODUCTION

A micronucleus (MN) is a small extranucleus separated from the main one, generated
during cellular division by late chromosomes or by chromosome fragments. Because of its
association with chromosomal aberrations, MN have been used since 1937 as an indicator of
genotoxic exposition based on the radiation studies conducted by Brenneke and Mather (Heddle
etal., 1983). Since then, many other studies have been made with plants and animals, as well as
with humans, both in vitro and in vivo (Evans, 1997). Investigations on MN frequencies
support the widely accepted assumption that MN are a product of early events in human
carcinogenic processes, especially in oral regions (Stich et al., 1982a, 1988; Stich and Rosin,
1984; Dave et al., 1992; Benner et al., 1994a; Ghose and Parida, 1995; Desai et al., 1996;
Roberts, 1997), especially because they are virtually absent in unexposed mucosa (Lippman et
al., 1990).

It was found many years ago that alcohol has mutagenic, carcinogenic and teratogenic
effects (Obe and Ristow, 1979). More recent studies have revealed mutagenic effects of alcohol
on human chromosomes in vitro (Gattas et al., 1989) and in vivo, even after a long period of
abstinence (Gattas and Saldanha, 1997). Moreover, Stich and Rosin (1983) also observed an
increased MN frequency related to the mutagenic effects of alcohol in buccal mucosal cells of
alcoholic smokers.

Alcohol consumption and smoking appear to be the two most frequent exogenic risk
factors for the development of oral cancer (Seitz et al., 1998). Alcoholic beverages, acting
locally, allow other carcinogenic substances to pass into target cells and also systemically lead
to decreased cell metabolism, producing a relative immune deficiency (cf. Carvalho, 1997).
However, specific dietary components, such as B-carotene, retinol, o-tocopherol, vitamin A,
riboflavin, zinc, selenium, turmeric oil and Chinese tea, have consistently been proved to
confer protection from, and even remission of the carcinogenic process, based on MN frequen-
cies (Stich et al., 1984; Benner et al., 1994b; Prasad et al., 1995; Hastak et al., 1997; Li et al.,
1999).

Epidemiological studies have often reported abusive and/or chronic alcohol consumption
as well as smoking habits to be associated with increased occurrence of different kinds of oral
carcinoma (Franco et al., 1989; Boffetta et al., 1992; Maier et al., 1992; Kabat et al., 1994,
MacFarlane et al., 1995). Also, an increased MN frequency was found among smokers and/or
tobacco chewers with oral carcinomas (Stich et al., 1982b; Adhvaryu et al., 1991; Tolbert et al., 1991).

Genetics and Molecular Research 1 (3): 246-260 (2002) www.funpecrp.com.br



A. Ramirez and P.H. Saldanha 248

Consequently, the MN test, currently known as the micronucleus assay (Obe and
Natarajan, 1990), has been used for screening populations under risk of mutagenic agents that
cause oral neoplasias (Stich and Rosin, 1984; Garewal et al., 1993; Desai et al., 1996; Kumar et
al., 2000), especially for the identification of pre-clinical steps of the carcinogenic process
(Ramirez et al., 1999).

We report a study of alcoholic patients with oral or oropharyngeal carcinomas, evaluating
frequencies of MN and other metanucleated anomalies in their oral mucosal squamous cells,
compared to a control group of abstinent, healthy individuals.

MATERIAL AND METHODS
Subjects

There were 30 patients, aged from 37 to 76 years old, with oral or oropharyngeal
carcinomas, whose alcohol and tobacco consumption had begun from four to 61 years before,
and a control group of 30 individuals, abstinent due to their religious convictions. Patients and
controls were matched for social-economic status. Three distinct regions in the mouth of each
individual were examined. In the patients, the analysis was made on the side opposite to the
lesion (A) around the lesion (B), and in the upper gingival-labial gutter (C), often used as a
control region because of the low occurrence of tumors. Correspondingly, controls had cells
collected from the right (D) and left (E) cheeks, and also from the upper gingival-labial gutter
region (F).

Cytogenetic analysis

The study of buccal squamous cells was performed by the standard technique of Sarto
et al. (1987), with some modifications made for the requirements of this investigation as fol-
lows: the oral mucosas were scraped gently with a cytobrush and the material was submersed in
5 ml of saline solution (0.9% NaCl). After centrifugation (10 min at 1500 rpm), the pellet was
fixed in 3:1 methanol/acetic-acid once, or twice if necessary, for 5 min. Cool and wet glass
slides were used for the final cell suspension, after the material was stained with Fuelgen nuclear
reaction plus 1% fast green stain. Permanent slides were prepared for a microscopic “blind-
test” analysis, made according to Tolbert et al. (1992). The frequency of MN was evaluated as
total number of MN (TMN) and number of cells with MN (CMN) per individual because some
cells have more than one MN. The MN next to the main nucleus, as well as those in binucleated
cells, were also taken into account. Furthermore, metanucleated anomalies other than MN, such
as binucleated cells (BI), karyorrhexis (KR), karyolysis (KL) and broken eggs (BE) were also
taken into account (Figure 1).

Intervening factors

It was possible to identify independent variables theoretically expected to be associ-
ated with the occurrence of MN (dependent variables), based on anamnestic interviews of the
patients, parental consanguinity, familial recurrence, smoking habit, alcohol consumption, psy-
chiatric hospitalization and neoplasia site; these were classified as qualitative (nonparametrical)
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Figure 1. Metanucleated anomalies: micro-
nuclei (a,b); binucleated cell (¢); karyolysis
(d); karyorrhexis (e) and broken egg (f).

variables, indirectly related to the metanucleated cells. However, age of patients, age at the
beginning of alcohol consumption, age by the end of alcohol consumption, time (duration) of
alcohol consumption and time of smoking habit were considered as quantitative (parametric)
variables, directly associated with the metanucleated events.

The alcohol dependence of patients was diagnosed by the CAGE (Cut-down, Annoyed,
Guilt, Eye-opener) questionnaire (Ewing, 1984). The application of the four questions of CAGE
was performed on the basis of previous experience with alcoholics (Gattas and Saldanha, 1993).

Statistical analysis

Two thousand cells were analyzed per individual in each of the three distinct regions of
the mouth of 30 patients and 30 controls, so that 60,000 cells were investigated in each oral
area, totaling 180,000 in each group or 360,000 cells altogether. The sample number of 2000
cells should give an untruncated spontaneous dispersion of MN events. The distribution of all
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types of metanucleated cells departed very significantly (P<0.001) from the expected normal
dispersion (* values from 18 to 150), with high variance among patients. In the controls,
the MN frequency fit a Poisson distribution quite well (P = 1.00) and the occurrence of other
metanucleated cells, except for BE, apparently followed a binomial distribution, all positively
asymmetrical. Consequently, intra- and interindividual comparisons were made by means of
nonparametric tests, such as Mann-Whitney, Kruskal-Wallis and Dunn’s multiple comparison
(nonparametric ANOVA) tests. The Student #-test was used for age comparisons. The role of
nonparametric intervening factors was analyzed by means of 2 x 2 recurrence tables through
Fisher’s exact method, in which subjects were classified to have MN or not. The MN distributions
of patients grouped by each of two-class factors were compared with the Mann-Whitney test.

The quantitative (parametric) factors were analyzed by means of multiple regression
analysis of the dependent variables (MN and other metanucleated cells), tentatively normalized
by square root transformation (,/ y + 0.5x1000 ), of those intervening factors.

The critical level for rejection of the null hypothesis was considered to be 5%. Detailed
information about sampling as well as cytological and statistical procedures are reported
elsewhere (Ramirez, 2000).

RESULTS
Intra- and interindividual comparisons

The distribution of age, duration of smoking habit and alcohol consumption in years as
well as the frequencies of TMN (CMN) per 2000 cells per individual in the regions A, B and C
among 30 patients as well as in regions D, E and F among 30 controls were recorded (Table 1).
The difference (14.5 years) between average age of patients (52.9 = 1.6) and controls (38.4 + 1.5)
was highly significant (P<0.0001). Cells with MN counts higher than one were predominant in
the patients, apparently as a result of the clastogenic action of alcohol. These patients also had
TMN frequencies as high as seven. On the other hand, controls with two or more MN per cell
were found only twice. Moreover, younger patients had more TMN than older ones, contrary to
the expected “age effect”.

The number of TMN and CMN per 2000 cells per individual was determined for each
oral region of the patients and controls (Figure 2). The dispersion (variance) of TMN was
higher than that of CMN. Consequently, TMN appears to be more efficient than CMN for
monitoring carcinogenic processes. A comparison was made of TMN frequencies in the three
oral regions of the patients through the Kruskal-Wallis test (Table 2). First, the three regions
were compared directly and, then comparisons were made indirectly, after estimating indi-
vidual differences between each of the three pairwise comparisons in order to improve the
power of the test. Estimates were obtained by means of direct and indirect (based on interindividual
differences) analysis.

The frequency of TMN in the three oral regions of patients revealed a highly significant
heterogeneity (P = 0.005). The pairwise comparison, B vs C, was significant (P<0.01) but the
comparisons between A vs B and A vs C were not (P>0.05). Comparisons of pairwise interregional
oral differences (indirect analysis) of TMN frequencies (A-B, A-C, B-C), increased the
significance levels of the results for regional heterogeneity (P = 0.0003) and increased the
significance of the comparison of B vs C (P<0.001); the comparison A vs B also became significant
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Table 1. Distribution of age, smoking habit and alcohol consumption as well as TMN frequency per 2000 cells per
individual in A (near an oral carcinoma), B (in the cheek opposite an oral carcinoma) and C (control labial-gingival
gutter) oral regions of 30 patients and in D, E and F (corresponding to A, B and C) oral regions of 30 controls, with
their respective means and standard errors.

Individual Patients Controls
Age sh ac TMN Age TMN
A B C D E F
1 67 na 49 3 7(4) 1 33 1 0 0
2 53 na 43 2 5(4) 0 40 0 0 1
3 47 29 25 1 2(1) 0 32 1 0 0
4 50 na 16 2 2 0 41 0 0 0
5 49 41 38 0 1 0 38 0 0 0
6 52 38 33 1 1 0 52 1 0 0
7 52 15 04 0 0 0 34 0 0 0
8 48 23 20 2 4(2) 5 50 0 0 0
9 47 32 29 4 1 1 33 0 0 0
10 67 57 56 2 3 0 51 2 2 0
11 55 40 33 0 0 0 42 0 0 1
12 37 30 18 0 5 1 30 0 0 0
13 57 47 47 0 2 0 33 1 0 1
14 40 26 15 0 6(4) 3 32 0 0 1
15 48 33 21 0 2(1) 0 36 0 1 0
16 69 61 55 1 0 0 42 0 0 0
17 37 28 27 3 0 1 35 0 1 0
18 55 36 36 2 1 1 29 0 1 0
19 50 33 23 1 4(3) 0 31 0 1 0
20 54 20 23 0 0 0 28 0 1 1
21 52 34 32 0 0 0 50 0 0 0
22 50 35 25 0 1 0 40 1 1 0
23 54 47 24 0 0 0 33 0 0 0
24 54 40 38 0 0 4(2) 64 0 0 0
25 42 37 30 0 2 0 32 0 0 0
26 54 39 28 2 1 1 30 0 0 2
27 76 58 59 1 0 0 47 0 0 0
28 61 42 41 0 0 0 35 0 0 0
29 61 42 42 0 3 0 36 0 0 0
30 49 34 29 1 6(5) 0 42 1 0 0
mean 52.90 36.93 31.97 0.93 1.97 0.60 38.37 0.27 0.27 0.23
+ + + + + (1.57) (0.53) + + + +
SEM 1.63 2.09 2.38 0.21 + + 1.55 0.09 0.09 0.09
0.39 0.23
0.29) (0.20)
TMN distribution (see Figure 1)
n n

N A B C N D E F
sh, smoking habit (years) 0 15 10 21 0 23 23 24
ac, alcohol consumption (years) 1 6 6(8) 6 1 6 6 5
-, not available 2 6 5(4) 0o(1) 2 1 1 1
MN, micronuclei 3 2 2(3) 1 - - - -
(), cells with MN 4 1 2(3) 1(0) - - - -
n, number of individuals 5 0 2 1 - - - -
N, MN frequency 6 0 2(0) 0 - - - -
T, total number of MN 7 0 1(0) 0 - - - -
T 28 59(47) 18(16) T 8 8 7
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Figure 2. Distribution of total number of micronuclei (TMN) and number of cells with micronuclei (CMN) per 2000 cells per
individual among oral regions A, B and C of 30 patients as well as in D, E and F oral regions of 30 controls. For A-F abbreviations,
see legend to Table 1.

(P<0.05). However, a strong degree of homogeneity (P =0.943) was found with nonparametric
analysis of variance of the TMN distribution in the three oral regions of the controls. All
oral regions were quite homogeneous in the controls and consequently interregional pair-
wise comparisons by Dunn’s multiple comparison test could not be applied to the data
(Table 2).

A comparison was made of MN frequencies between patients and controls, as well as
their relative distributions; comparisons were also made of other metanucleated events such as
BI, KL, KR and BE with the Mann-Whitney test (Table 3). MN differences were highly signifi-
cant (P<0.001) for tumoral region and significant for the region opposite to the lesion (P =
0.030) but not for the upper gingival-labial gutter (P = 0.445), in comparison with the controls.
There was also a seven-fold increase in the frequency of MN in the region around the lesion
(1.97 £ 0.39), a three-fold increase in the opposite region (0.93 £+ 0.21) and a two-fold but
nonsignificant increase in the upper gingival-labial gutter (0.60 + 0.23), when compared to the
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Table 2. Direct and indirect* nonparametric analysis of variance (Kruskal-Wallis) of the total number of micronuclei
(TMN) per 2000 cells per individual among oral regions A, B and C of 30 patients as well as among oral regions D,
E and F of 30 controls through Dunn’s multiple comparison test.

Patients
Region TMN (direct) Region TMN (indirect)
mean + SEM mean £ SEM
A 0.933 +0.209 (0.933 + 0.209) A-B -1.033 £ 0.400 (-0.633 = 0.334)
B 1.966 + 0.388 (1.566 + 0.294) A-C 0.333 £ 0.281 (0.400 £ 0.252)
C 0.600 + 0.228 (0.533 + 0.202) B-C 1.366 + 0.402 (1.033 + 0.327)
Significance H (x*) = 10.47; P =0.0053 H (%% = 16.50; P =0.0003

(H (>)=9.53; P=0.0085) (H () = 13.03; P = 0.0015)

Dunn’s multiple comparison test

Comparison P Comparison P
(direct) (indirect)
AxB >0.05 (>0.05) (A-B) x (A-C) <0.05 (<0.05)
BxC <0.01 (<0.01) (A-B) x (B-C) <0.001 (<0.01)
AxC >0.05 (>0.05) (A-C) x (B-C) >0.05 (>0.05)
Region TMN** direct
D 0.266 + 0.095
E 0.266 + 0.095
F 0.233 +£0.092
Significance H (x> =0.12; P =0.9428

Estimates for number of cells with MN per individual (CMN) in parentheses. * Based on pairwise differences between oral regions
of patients. ** Identical values of TMN and CMN were found in controls. For abbreviations A-F, see legend to Table 1.

mean frequency in the controls (0.25 £ 0.3 1), revealing a gradient of frequencies (C — A — B).
Moreover, there were highly significant differences between patients and controls in the fre-
quencies of metanucleated cells in the three oral regions, except for BE frequencies in all oral
regions and for KR frequency in the upper gingival-labial gutter (Table 3).

Intervening factors

The effect of age on the frequencies of metanucleated cells was investigated among
both patients and controls through regression analysis; however, none of the regression coefficients
were significant. Contrary to what was expected, MN frequencies were not significantly
associated with the age of subjects; most of the correlation coefficients were negative. Square
root transformation of the dependent variables produced significant correlations for KL
(r=-0.387) and KR (r =-0.358).

A stepwise multiple regression analysis was made by considering parametric
anamnestical data as independent variables (Table 4). Significant results were found in the
regressions of the frequencies of metanucleated anomalies per 2000 cells per individual for the
following variables: age of patients, age at the beginning of alcohol consumption, age at the end
of alcohol consumption and time of alcohol consumption. Tentative normalization of dependent
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Table 3. Comparison of number of cells with micronuclei (CMN), total number of micronuclei (TMN) and
metanucleated anomaly (BI, KR, KL, BE) frequencies per 2000 cells per individual, among A, B and C oral
regions of 30 patients and D, E and F oral regions of 30 controls, through the Mann-Whitney test.

Variables Patients Controls Difference U (Mann-Whitney)
(mean + SEM) (mean+ SEM)  between means P)
A B C D E F A-D B-E C-F A-D B-E C-F

CMN 093 1.57 0.53 0.270.27 0.23 0.67 1.30 0.30 3045 219.0 399.5
+ + + + + &+ (0.0297) (0.0006) (0.4454)
0.21 0.29 0.20 0.09 0.09 0.09

TMN 093 197 0.60 0.27 0.27 0.23 0.67 1.70 0.37  304.5 2115 399.0
+ + + + + o+ (0.0297) (0.0004) (0.4409)
0.21 0.39 0.23 0.09 0.09 0.09

BI 11.47 9.93 11.03 3.10 2.53 3.23 8.37 740 7.80 177.5 183.0 2620
+ =+ + + + % (<0.0001) (<0.0001) (0.0055)
1.60 1.51 298 0.33 0.44 0.48

KR 223 1.77 2.57 527 6.03 1.83 -3.03-427 0.73 190.5 186.0  363.5
+ + + + + £ (0.0001) (<0.0001) (0.1985)
0.98 0.63 1.28 0.93 1.04 0.60

KL 18.6317.90 20.57 4.20 1.37 420 14.4316.54 164 226.0 135.5 146.5
+ + + + + % (0.0009) (<0.0001) (<0.0001)
3.89 340 393 1.330.34 1.49

BE 0.27 020 2.50 0.43 0.33 1.33 -0.17-0.13 1.17 447.0 426.0  430.0
+ + + + + o+ (0.9694) (0.7170) (0.7671)

0.12 0.07 1.68 0.24 0.21 0.93

_Repairindex
RI=(KL+KRY/(MN+BE) 174 91 75 135123 38 - - - - - -

MN, micronuclei; BI, binucleated cells; KR, karyorrhexis; KL, karyolysis; BE, broken eggs. For A-F abbreviations, see legend to
Table 1.

variables by means of square root transformation produced similar results for TMN and CMN,
so that only the former was taken into account.

All regression coefficients that associated the age of the patients and alcohol consumption
with MN frequency were small and negative, but were significant. Besides MN, only KL
frequency was significantly inversely correlated with the beginning of alcohol consumption
and positively with the end of alcohol consumption at the same level of probability, principally
when the data were transformed through square root transformation. However, a positive asso-
ciation (r = 0.38) was found only for the carcinogenic area, when estimated with the same
transformation (Table 4).

Dichotic comparisons of nonparametric independent variables with MN frequencies,
through contingency and Mann-Whitney tests, were not significant, except for CAGE diagno-
sis for alcoholism. When we examined the four questions of CAGE, only one of them (Feel
need to cut down on drinking?), estimated through the Mann-Whitney test (U =4.0; P=0.052),
was significant, confirming the primary effect of alcohol on MN occurrence.
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Table 4. Stepwise multiple regression analysis of frequencies of total number of micronuclei (TMN), number of cells
with micronuceli (CMN) and other metanucleated anomalies (karyolysis, KL) per 2000 cells per individual, upon
statistically significant independent variables of 30 patients.

Dependant ~ Oral Transformation Mean + SD Independent b+s, t P r?
variable region (y) variable
™) x)
TMN (CMN)* A NTD 0.778 + 1.086 ea -0.018 = 0.009 4.297 0.043 0.1467
TMN (CMN) B NTD 1.667 £ 1.901 ap -0.081 £ 0.039 4.371 0.047 0.1488
TMN (CMN) C NTD 0.630 + 1.305 ea -0.029 +0.010 8.037 0.009 0.2509
ta -0.041£0.018 4.809 0.038 0.1669

a=2.804+1.144;
F=4.934,P=0.016

TMN (CMN) C SRT 958.85 + 466.53 ap -21.898 + 8.858 6.112 0.021 0.2030
ea -9.478 £ 3.452 7.539 0.011 0.2390

a=2399.12 + 399.26;

F=15.749; P = 0.009

KL A NTD 19.814 +22.101 ba -1.324 £ 0.539 6.029 0.021 0.1943
KL B SRT 3562.00 £ 2164.76 ea 35707+ 17.330  4.245 0.050 0.1452
KL C SRT 4141.22 +2306.82 ba -125.400 £ 57.458  4.763 0.039 0.1600

*TMN becomes significant or slightly increases the significance of the estimated regression coefficients for CMN; NTD, untransformed
data; SRT, square root transformation (/y +0.5x1000 ); ea, end of alcohol consumption; ap, age of patient; ta, time *(duration) of
alcohol consumption; ba, beginning of alcohol consumption. For A-C abbreviations, see legend to Table 1.

DISCUSSION

Intraindividual comparisons between the three oral regions of patients revealed ex-
tremely significant differences, with a three-fold increase in the tumorous region (B) and a one
and a half fold increase on the side opposite to the lesion (A), compared to the upper gingival-
labial gutter (C). In controls, however, the MN frequencies in both cheeks (D and E) were quite
similar and not significantly different in comparison with the F region.

The gradient of MN frequencies in the oral regions of patients (C — A — B) was
confirmed in the comparisons with the controls, revealing a seven-fold increase in the MN
frequency in the region around the lesion, a three-fold increase in the opposite region and a
two-fold but nonsignificant increase in the upper gingival-labial gutter (Table 3). Stich and
Rosin (1983) also reported a six-fold increase in the MN frequency of alcoholic smokers when
compared to individuals that were strictly alcoholics or smokers, revealing a synergistic effect.

During the malignant process, the path to carcinogenesis appears to be correlated with
increasing MN frequencies. This idea is supported by the similar MN frequencies found in the
controls, as well as by the investigations of Stich et al. (1982a,b), Stich and Rosin (1983),
Tolbert et al. (1991), Benner et al. (1994a) and Kumar et al. (2000).

The gradient of MN frequencies among patients could be explained by the assumption
that C is a region relatively unexposed to mutagenic agents, while the A region, exposed similarly
to B but not tumorized, represents an intermediate carcinogenic step; apparently B has the
lowest biological threshold for mutagenic agents, such as alcohol and tobacco.

Moreover, studies on metanucleated anomalies other than MN are scarce, and most of
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them are related to cell injury, cell death and mitotic errors. Also, some authors have failed to
find significant associations of these metanuclear anomalies with apoptosis and carcinogenesis
mechanisms (Nakano and Oka, 1991; Tolbert et al., 1991, 1992).

Increased frequencies of KL anomalies, also significant in the multiple regression analysis
(Table 4), occur in the pre-keratinization process, which represents an adaptive response to
cellular injuries (Pindborg et al., 1980). This anomaly is also evident in necrotic cells (Wyllie,
1981) and is related to cytotoxicity (Tolbert et al., 1991). In addition, it must be assumed that
this anomaly is intrinsic to the squamous epithelium, especially because of the chronic effect of
the masticatory process on the oral mucosa. Probably, the constant action of mutagenic agents
such as alcohol and tobacco increases the rate of cellular deaths, as indicated by the significant
increase of this anomaly in the patients (Table 3).

Since KR and BE should be considered as previous morphological stages of KL and
MN, respectively, in squamous epithelium, these metanucleated formations were analyzed
together for nuclear degeneration following the stages: clastogenesis — mutagenesis —
carcinogenesis, during the BE - MN — KR — KL degenerative process, supporting homeostasis
of the oral epithelial tissue. Consequently, a repair index (Table 3), represented by
RI= (KL + KR) / (MN + BE) , should reflect the dynamics of carcinogenesis. It revealed that KL
increases and MN decreases with age in the cancer patients (Table 4). In fact, production of KL
and KR anomalies should represent the repair process due to intercellular selection, occurring
before cytogenetic damages, as indicated by BE and MN structures (Figure 3). A different way
to evaluate the carcinogenesis process in oral cancer based on metanucleated anomalies was
recently proposed by Bhattathiri (2001).

Repair index
25
m23.13
u20.87
g2 m19.67
s
g 1739
g
3
= 151
Lé LY
g = q
g RI
T 101
8 9.08
Q
=
§ 7.46
2] m6.03
= 5]
g |
= *3.1
*21
o157 i !
0
Region F Region C Region A Region B

Oral regions (time)

Figure 3. Interaction between frequencies of metanucleated anomalies as measured by micronuclei (MN) plus broken eggs (BE)
(p) corresponding to nuclear damage and karyolysis (KL) plus karyorrhexis (KR) (q) revealing cellular repair through the index:
RI= (KL + KR) / (MN + BE) - For A-C and F abbreviations, see legend to Table 1.
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Assuming that the mean of the F oral region of controls indicates a spontaneous MN
frequency in the absence of clastogens, and that the oral regions (C — A — B) of patients
represent different progressive stages in the dynamics of the carcinogenic process (Figure 3), it
is likely that, after exposure to clastogens, the occurrence of KL plus KR increases abruptly
after exposure, but steadily decreases thereafter. The MN plus BE frequencies are unstable
around 2.0, because there is an initial tendency to produce abortive MN (BE) as the process
reaches a critical stage, from which point carcinogenesis becomes disruptive, corresponding
herein to RI = 9.0 in the B region (Figure 3).

Different from what was expected, none of the frequencies of MN and other
metanucleated cells were significantly correlated with age among patients and controls. It has
often been reported that MN frequency (Kayal et al., 1993; Ghose and Parida, 1995), structural
chromosome aberrations (Gattas and Saldanha, 1997) and neoplasias (Tan et al., 2001; Llewellyn
et al., 2001) increase with age. However, most of the correlation coefficients were unexpectedly
negative and nonsignificant, except for KL (r = -0.387) and KR (r = -0.358) patterns in the
upper gingival-labial gutter of controls revealing that both frequencies of these anomalies
diminish, probably because of a decrease in cellular proliferation and repair efficiency due to
aging (Lofti and Machado-Santelli, 1996).

Although regression analysis gave consistent results, Table 4 revealed some contradictory
situations. It is expected that age of patients and age by the end of alcohol consumption
(indirectly) and time (duration) of alcohol consumption (directly) will increase and age at the
beginning of alcohol consumption will decrease with the amount of alcohol consumption associ-
ated with the metanuclear formations. However, the small but significant regression coeffi-
cients for MN occurrence (Table 4) mean that the frequencies diminished irregularly after the
critical stage of disruptive carcinogenesis, the situation in which most of patients were found
when examined. An opposite explanation would support the negative regression coefficients
for KL frequencies found in the oral region B of the patients, where there were also small but
significant positive regression coefficients, as was expected.

Results from regression analysis of the cancer patients could be explained by the
assumption that the MN frequency, due to exposure to alcohol, increased strongly, early, but
decreased afterwards, and remained at a level significantly greater than before alcohol
consumption, causing apoptosis (Slomiany et al., 1998; Castaneda and Kinne, 2001; Wu and
Cederbaum, 2001) before carcinogenesis, while KL frequency conversely increased signifi-
cantly from MN and other metanucleated transformations during the repair process. The se-
quential phases of RI described in Figure 3 should be a rough extrapolation, since they only
took into account three steps in the oral regions of the patients. Finally, analysis of non-
parametric synergistic variables revealed that only one question of the CAGE questionnaire,
related to the intention to stop drinking, was significant enough to detect differences in MN
frequencies between patient groups, indirectly revealing the effect of alcohol.

In conclusion, although it is not pathognomonic, the MN test is a simple, practical,
inexpensive and non-invasive screening technique for clinical prevention and management of
subjects under carcinogenic risks, after exposure to genotoxic agents or situations, such as
abusive and chronic consumption of alcohol, tobacco and/or other mutagenic drugs, or professional
manipulation of derivatives of petroleum and other toxic industrial substances. The MN test,
and consequently the repair index, might be useful for monitoring the clinical evolution of
subjects with healed or surgically removed tumors or leukoplastic lesions, after chemo- or
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radiotherapeutic treatments, by means of intra- and interindividual cellular comparisons.
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