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ABSTRACT: Chromosome analysis of gill cells of different populations of Macoma balthica (L.) from
the Bay of Gdansk (Baltic Sea) revealed 2 clam categories, 1 with neoplastic features and 1 without.
Silver-staining was performed on interphase and metaphase cells of both categories. The mean argy-
rophilic nucleolar organizer region (AgNOR) count per abnormal interphase cell was significantly
higher than in normal interphase cells. Normal silver-stained metaphases had 3 nucleolar organizer
region (NOR) chromosome phenotypes. The location of the NORs in the most frequent phenotype
(65.6% in 54 metaphases scored) was interstitial on the largest metacentric chromosome pair, Pair
No. 1. Abnormal silver-stained metaphases had a higher number of active NOR sites. Different phe-
notypes were observed (frequency greater than 10% for 67 metaphases scored); 2 were similar to
those in normal metaphases and 5 were ectopic. The higher activity of AGQNORs observed in abnor-
mal cells confirmed the diagnosis of malignant neoplasia.
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INTRODUCTION

Disseminated neoplasia have been described for
several bivalve species from different geographical
origins (see Elston et al. 1992 and Peters et al. 1994 for
reviews, and recent papers of Alonso et al. 2001 and
Villaba et al. 2001). In the Baltic clam Macoma balthica
(L.), a gill-originating neoplasia has been reported
(e.g. Pekkarinen 1993). Chromosome analyses based
on Giemsa-stained metaphases of gill tissue from dif-
ferent populations of M. balthica from the Gulf of
Gdansk revealed 2 clam categories, 1 with a diploid
chromosome number of 38, and 1 displaying hyper-
ploidy and chromosomal abnormalities related to neo-
plasia. The prevalence of affected clams varied from 0
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to 94 % at the different sites studied (Thiriot-Quiévreux
& Wolowicz 1996, 2001).

Further investigations on the cytogenetic characteri-
zation of these 2 clam categories were carried out in
the present study using silver-staining.

The importance of the analysis of silver-stained
nucleolar organizer regions (AgNNORs) for prognosis in
tumor pathology has been reviewed by Pich et al.
(2000). Interphase AgNORs are structural units of the
nucleolus in which all the components necessary for
ribosomal RNA synthesis are located (see Derenzini
2000 for review literature). The number of interphase
AgNORs per cell reflects the proliferative activity in
tumor cells (e.g. Trere 2000, Zergeroglu et al. 2001).
Counts of interphase AgNORs have also been used for
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the determination of ploidy level of different species
(e.g. Phillips et al. 1986, Lozano et al. 1992, Kuchar-
czyk et al. 1997, Okumara et al. 2001).

Silver-staining of mitotic metaphases also allows
detection of the specific chromosome sites of AGNORs
that were active at the previous interphase (e.g. How-
ell 1977, Hubbel 1985). For example, data have been
given on the number and the chromosomal location of
AgNORs in metaphases of several bivalve species
(see Thiriot-Quiévreux 2002 for review). Reports on
AgNORs in tumor metaphases are rare, although chro-
mosomes bearing ectopic AgNORs have been ob-
served in human tumors (e.g. DeLozier-Blanchet et al.
1986, Neerman-Arbez et al. 1993, Atkin & Baker 1995,
Blough et al. 1998).

The aim of this work was to investigate AgNORs in
interphase and metaphase gill cells from affected and
non-affected Macoma balthica to better elucidate the
cytogenetic features of neoplasia in this species.

MATERIALS AND METHODS
Specimens of Macoma balthica were collected by

dredging at 4 localities in the Gulf of Gdansk (Baltic
Sea). Clams from 8 to 23 mm in diameter were kept

Table 1. Macoma balthica.

in the laboratory and fed for 3 to 4 d to promote
somatic growth (thus increasing the mitotic index;
Dixon & Clarke 1982) and to decrease any stress
reaction. Because we were working only on somatic
tissue taken from wild individuals, many non-affected
clams were required to obtain a sufficient number of
mitoses. The number of affected clams required
was lower because these showed high proliferative
activity.

Since cell-culture techniques are not yet available
for molluscs, chromosome preparations were made
from growing somatic tissue such as gills. Specimens
of Macoma balthica were first incubated for 8 h in
0.005% colchicine in seawater in order to arrest mito-
sis at the metaphase. The gills were then dissected
out and subjected to a hypotonic treatment of 0.9%
solution of sodium citrate in distilled water for 45 min.
The material was then fixed in a freshly prepared
solution of absolute ethanol-acetic acid (3:1) with 3
changes of 20 min each. Fixed pieces of gill from
each individual were dissociated in 50 % acetic acid
with distilled water solution. The suspension was
then dripped onto heated slides at 44°C and air-dried
(Thiriot-Quiévreux & Ayraud 1982). Silver-staining of
nucleolar organizer regions (NORs) was performed at
44°C for 7 min on unstained slides with the 1-step

Number of argyrophilic nucleolar organizers (AgNORs) per interphase cell (N = 100) in 10 non-

affected and 10 affected clams. CL: confidence limit

Clam no. No. of AGNORs cell™! Mean (SD) 95% CL
0 1 2 3 4 5

Non-affected

1 2 52 44 2 - 1.47 (0.56)

2 2 44 47 6 - 1.61 (0.65)

3 - 48 46 6 - - 1.57 (0.65)

4 1 48 46 5 - - 1.55 (0.61)

5 1 69 30 - - - 1.31 (0.47)

6 - 50 45 5 - - 1.56 (0.59)

7 - 46 51 1 2 - 1.59 (0.62)

8 - 69 27 2 1 1.38 (0.68)

9 2 47 44 4 3 - 1.57 (0.76)

10 - 38 51 9 2 - 1.76 (0.7)

Total mean 1.54 (0.64) 1.50-1.58
Affected

1 - 40 22 28 8 2 2.1 (1.08)

2 - 36 34 22 7 1 2.04 (0.97)

3 - 21 31 36 12 - 2.41 (0.94)

4 - 10 29 30 24 7 2.91 (1.10)

5 - 10 19 41 24 6 3.00 (1.04)

6 - 15 33 37 12 3 2.56 (0.99)

7 - 25 20 37 14 4 2.51 (1.14)

8 - 20 39 31 8 2 2.36 (0.95)

9 - 15 23 45 11 6 2.70 (1.05)

10 - 12 26 44 16 2 2.70 (0.95)

Total mean 2.53 (1.06) 2.47-2.56
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method of Howell & Black (1980), which combines a
colloidal developer and an aqueous silver nitrate
solution. Ag-stained slides were scored by micro-
scope observation. Photographs of nucleoli and suit-
able well-spread mitoses were taken with a Zeiss III
photomicroscope.

The number of nucleoli, visible as AGNOR dots in the
nuclei, were counted in 100 interphase cells per indi-
vidual in 10 affected and 10 non-affected clams. Basic
statistic analyses were made using ANOVA.

Non-affected clams only had metaphases with a
diploid number of chromosomes (2n = 38 in Macoma
balthica), whereas affected clams contained a prolifer-
ation of abnormal metaphases with hyperploidy and
chromosomal abnormalities related to neoplasia
(Thiriot-Quiévreux & Wolowicz 1996, 2001). Positive
AgNORs were recorded in 54 metaphases from 24
non-affected clams and in 67 metaphases taken from 9
affected clams.

RESULTS

The distribution of cells with different numbers of
nucleoli per interphase (N = 100, in 10 non-affected
and 10 affected clams) is shown in Table 1. The mean
number of nucleoli in normal interphases was 1.54,
with 95% confidence limits of 1.50 to 1.58. In most
cases 1 or 2 nucleoli per nucleus were present

(Fig. 1A), although occasionally more than 2 nucleoli
were also observed. The mean number of nucleoli per
cell in abnormal interphases was 2.53 with confidence
limits of 2.47 to 2.56. In most cases 2, 3 or 4 nucleoli
were present, with a maximum of 5 nucleoli per inter-
phase cell (Fig. 1B). There was a significant difference
(p <0.0001) in the AGNOR counts between normal and
abnormal interphase cells. Moreover, the size of the
abnormal interphase cells and their nucleoli was much
larger (cf. interphase cells in Figs. 2A & 3).

AgNORs were examined in 54 normal metaphases
and karyotypes were made from 12 well-spread
metaphases (Fig. 2). Chromosome pairs were classified
(11 metacentric, 2 submetacentric, 6 subtelocentric)
according to the pattern described by Thiriot-
Quiévreux & Wolowicz (1996). Table 2 summarizes the
AgNOR results. A variable number of AGQNOR chromo-
somes were observed within and between individuals.
The most frequent phenotype (A) (65.6%) was het-
erozygous and interstitially located on the largest-
sized metacentric chromosome pair, Pair No. 1.
Another phenotype (B: terminal on a large-sized meta-
centric chromosome pair, Pair No. 4) was also
observed, but was less frequent (12.96%). Pheno-
type C (terminal on a long arm of a medium-sized sub-
telocentric chromosome) was scored simultaneously
with either Phenotype A (11 %) or B (11 %) in the same
metaphase. The frequency of AgNORs comprising
<10 % was not taken into account.

Fig. 1. Macoma balthica. Silver-stained normal interphase cells (A) and abnormal interphase cells (B) in gills. Scale bar (valid for
A and B) =5 pm
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Fig. 2. Macoma balthica. (A) Silver-stained normal metaphase in gills; (B) silver-stained karyotype of a metaphase. Arrows
indicate argyrophilic nucleolar organizers (AgNORs). Scale bars = 5 pm

AgNOR activity was also analyzed in 67 abnormal
metaphases of 9 affected clams (Fig. 3). None of these
displayed a consistent number of AGNORs per cell,
and there was a variable number of 1 to 5 AgNOR pos-
itive chromosomes within and between clams. Differ-
ent phenotypes (A to H) were observed in the same
metaphases. Phenotypes A and B correspond to those
of normal metaphases and D to H are ectopic. Because
of the variable number of NOR-bearing chromosomes

Table 2. Macoma balthica. Summary of major argyrophilic nucleolar organizer
region (AgNOR) observations (frequency >10 %) in metaphase cells. Phenotype
A: interstitial on large-sized metacentric; B: terminal on large-sized metacentric
pair; C: terminal on long arm of medium-sized subtelocentric. Ectopic pheno-
types = D: terminal on a medium-sized metacentric; E: terminal on long arm of

among metaphases, the frequency of each phenotype
was calculated by scoring its occurrence in all
metaphases studied (N = 67) (Table 2). The most fre-
quent active phenotype was the ectopic phenotype D
(49.25%). The activity of other AgNOR-positive phe-
notypes, already described in normal metaphases (i.e.
A and B) was lower (20.9 and 26.87 % respectively).
Phenotype C was also scored simultaneously with
other ectopic phenotypes at a lower frequency
(7.46 %), and 4 other ectopic pheno-
types (E, F, G and H) were also ob-
served at lower frequencies (25.37 to
14.93%). Intra- and interindividual
heteromorphism was observed in all
AgNOR phenotypes, as in normal

medium-sized telocentric; F: intersitial on medium-sized metacentric; G: termi- metaphases.
nal on short arm of large-sized submetacentric; H: terminal on short arm of
medium-sized submetacentric
DISCUSSION
No. of Ag-stained No. of haploid Chromosome Frequency
metaphases chromosomes phenotype (%) The data currently available in liter-
Normal ature demonstrate that the number of
30 1 A 55.6 interphase AgNORs is an independent
7 1 B 12.96 prognostic factor in several types of
g 3 ig ﬂﬁ human tumors (e.g. Pich et al. 1995,
' ' 2000, 2002). Our results on the com-
A%normal 95 D 4925 parison of AgNOR counts in inter-
18 2_5 B 26.87 phase cells of the clam Macoma balth-
17 2-4 E 25.37 ica revealed a significant difference
14 1-3 A 20.9 between affected and non-affected
0 o & o individuals. The lowest mean AgNOR
10 2_4 H 14.93 score (1.54) was found in normal and
the highest (2.53) in abnormal inter-
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Fig. 3. Macoma balthica. Silver-stained abnormal metaphase in gills;
4 AgNOR phenotypes (see Table 2) are shown at higher magnification
on the right. a, Phenotype D; b, Phenotype E; ¢, Phenotype F; d, Pheno-

type H. Scale bars = 5 pm

phase cells. The high AgNOR quantity in interphase
gill cells of affected clams implied a prognostic func-
tion for malignant tumors (Pich et al. 2000).

Patterns of AGQNORs in normal metaphase cells of the
bivalve Macoma balthica are reported here for the first
time. We observed 3 NOR chromosome phenotypes.
NOR-banded karyotypes revealed that the chromoso-
mal location of 55.6 % of the 54 scored metaphases was
interstitial on the largest metacentric chromosome
pair, Pair No. 1. This interstitial AQNOR chromosomal
location is very rare in bivalves. Of the bivalve species
in which silver-stained metaphases have been studied,
only 1 species, Venerupis aurea, showed interstitial
active AgNORs on a metacentric chromosome (Insua et
al. 2001). Intra- and interindividual heteromorphism
involving the number of AGQNORs per metaphase, as
observed in this study, has been detected in most
bivalve species (Thiriot-Quiévreux 2002).

Abnormal silver-stained metaphases of Macoma
balthica had a higher number of active NOR sites than
normal ones. The observed number of active haploid
NOR chromosomes (1 to 5) indicated a variable activity
of NORs within and among individuals. Different
phenotypes were detected, 2 being similar to normal

metaphases, the remainder being ectopic.
Therefore, as in interphase cells, the compari-
son of AGNOR patterns in normal and abnormal
metaphase cells revealed a strong increase of
AgNOR sites in neoplastic animals. Chromo-
somes bearing ectopic AGQNORs have been de-
scribed in human tumors (e.g. DelLozier-
Blanchet et al. 1986, Neerman-Arbez et al.
1993, Atkin & Baker 1995, Blough et al. 1998).
Ectopic NORs could derive from constitutional
double NORs, and the presence of ectopic
NORs seems to reflect the multiplicity of struc-
tural changes in tumors (Atkin & Baker 1995).
In the case of M. balthica, the observed chro-
mosome aberrations involved numerical and
structural abnormalities, but no marker chro-
mosomes were identified (Thiriot-Quiévreux &
Wolowicz 1996, 2001). Even if chromosomes
bearing ectopic AgNORs can be considered
marker chromosomes, their implication in neo-
plastic structural changes cannot be specified
because of the absence of individual chromo-
some identification in these metaphases.

In conclusion, our results on the silver-stain-
ing of AgNORs in interphases and meta-
phases of normal and abnormal gill cells of
Macoma balthica revealed a higher level of
AgNOR activity in affected clams and con-
firmed the diagnosis of neoplasia.
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