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It is known that clinical course of cancer depends on
the biological patterns of tumor which are strongly de-
termined by accumulation of alterations in function and
structure of the genes. The numerous disturbances of
genome stability arise on the various stages of cell ma-
lignization and progression of neoplastic growth [1–3].
In clinical oncology, cytogenetic changes in neoplastic
cells are thought to reflect the degree of malignization.

To cytogenetic indices of tumors, the ploidy of cells,
chromosomal guantitative and structural changes and
number of nucleolar organizer regions (NOR’s) are at-
tributed. NORs are located in the regions of short arms
of the acrocentric chromosomes 13, 14, 15, 21 and 22.
In recent years much attention was paid to the investi-
gation of NORs. This can be explained, firstly by the
fact that clusters of rRNA genes are located in NOR
and their number determines the morphological con-
struction of nucleolus [4–6]. Secondly, selective impreg-
nation of the active NOR’s by AgNO3 allows to spot the
nucleolar proteins, which are involved in the transcrip-
tion of ribosomal genes and rRNA processing [7, 8].
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In the work, the cytogenetic investigation of tumor cells from 28 patients with II–III stages of ovarian cancer,
44 patients with I–II stages of endometrial cancer and 7 patients with endometrial hyperplasia was carried out. The
quantitative and structural changes of chromosomes, the nucleolar organizer regions (AgNORs) in tumor cells
isolated from ascite fluid of patients with ovarian cancer, and from surgically resected tumors of patients with
endometrial cancer were analyzed. It has been shown that AgNOR’s content in tumor cells depends from the level
of differentiation of endometrial tumors. The variations of cytogenetic characteristics reflect the genetic heteroge-
neity of ovarian and endometrial cancer and possess the individual index of malignant degree of these tumors.
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Ïðîâåäåíî öèòîãåíåòè÷åñîå èññëåäîâàíèå îïóõîëåâûõ êëåòîê ó 28 áîëüíûõ ðàêîì ÿè÷íèêà ²²–²²² ñòàäèè, ó
44 áîëüíûõ ðàêîì ýíäîìåòðèÿ ²–²² ñòàäèè è ó 7 áîëüíûõ ñ æåëåçèñòîé ãèïåðïëàçèåé ýíäîìåòðèÿ. Ïðîàíàëèçèðîâàíû
êîëè÷åñòâåííûå è ñòðóêòóðíûå èçìåíåíèÿ õðîìîñîì, ýêñïðåññèÿ AgßÎÐ áåëêîâ â îïóõîëåâûõ êëåòêàõ èç
àñöèòè÷åñêîé æèäêîñòè ó áîëüíûõ ðàêîì ÿè÷íèêà è èç õèðóðãè÷åñêè óäàëåííûõ îïóõîëåé ýíäîìåòðèÿ. Óñòàíîâëåíà
ñâÿçü ìåæäó ñîäåðæàíèåì AgßÎÐ â îïóõîëåâûõ êëåòêàõ ýíäîìåòðèÿ è ñòåïåíüþ äèôôåðåíöèðîâêè îïóõîëè.
Âàðèàáåëüíîñòü öèòîãåíåòè÷åñêèõ õàðàêòåðèñòèê îòðàæàåò ãåíåòè÷åñêóþ íåîäíîðîäíîñòü ðàêà ÿè÷íèêà è ðàêà
ýíäîìåòðèÿ è ÿâëÿåòñÿ èíäèâèäóàëüíûì ïîêàçàòåëåì ñòåïåíè çëîêà÷åñòâåííîñòè óêàçàííûõ îïóõîëåé.
Êëþ÷åâûå ñëîâà: ðàê, ýíäîìåòðèé, ÿè÷íèê, ÿäðûøêîâûå îðãàíèçàòîðû, õðîìîñîìû, àñöèòè÷åñêàÿ æèäêîñòü.

Accordingly to the National Cancer Register [9] the
rate of ovarian and endometrial cancer in Ukraine con-
tinues to rise. Despite numerous investigations dedi-
cated to the study of tumors of these localizations [10–
12], the information about quantitative and structural
chromosomal changes and ribosomal genes activity in
malignant tumors is fragmental. However, investiga-
tion of the above indicated cytogenetic changes is of
great importance for optimization of morphological dia-
gnostics and early detection of malignant growth in
ovary and endometrium.

The present investigation is aimed on a study of
quantitative and structural changes of chromosomes
and NOR’s in non-malignant and tumor cells of hu-
man ovary and endometrium.

MATERIALS AND METHODS
In the work, an ascitic fluid from 28 patients (38–

70 years old) with ovarian cancer (OC) of II–III stage, and
surgically resected tumors of 44 patients with endometri-
al cancer (EC) I–II stage and 7 patients (52–70 years old)
with glandular endometrial hyperplasia were studied.

To obtain metaphase, ascitic fluid samples from
16 OC patients were exposed to short-term incubation
(up to 3 h at 37 oC with colchicine at a dose 0.3 µg/ml)).
Then the routine method of metaphase plate treatment
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was performed (hypotonic influence, fixation, staining).
An overall number of chromosomes in metaphase was
calculated as well as the number of acrocentric chro-
mosomes, modal tumor line was determined and struc-
tural chromosomal abberations were analysed. In each
examination from 45 to 80 metaphase were analysed
by the light microscopy (x1250, oil immersion; micro-
scope NU2-E, Zeiss, Germany).

To detect proteins associated with active NOR’s
(AgNOR’s protein) AgNO3 impregnation [13] of smears
from ascitic fluid sediments and histologic sections from
operative material was used. Visualization and quanti-
tative analysis of AgNoR’s proteins was carried in in-
terphase cells of ovarian and endometrial tumors and
non-malignant cells of hyperplastic endometrium
(1 · 102 tumor cells per case) by light microscopy
(x1250, oil immersion). Apart from that, in cancer en-
dometrial cells the total NOR’s quantity per cell was
calculated according to [14], i.e. the content of large
(more than 3 µm), medium (1–3 µm), small (up to 1 µm)
NOR’s per cell was counted as well as the percent of
cells that contain more than 5 NOR’s. The damaged
cells near the necrotic zones were not analysed.

For verification of clinical diagnosis, surgically re-
sected tumor tissies from OC and EC patients were
subjected to traditional hystology examination of slides
stained with hematoxylin-eosin. The tumor structure
and its differentiation degree were evaluated accor-
ding to the International Hystological classification of
malignant tumors. For statistical analysis, Student’s
t-criterium was used.

RESULTS AND DISCUSSION
Morphological analysis has shown that resected

ovarian tumors had the structure of serous papillary
cancer. In cytological preparations of ascitic fluid sedi-
ment of OC patients, tumor cells were characterised
by atypic forms and sizes, enlarged nucleus and nu-
cleolus. Mesothelial cells present in smears were some-
times similar to tumor cells by slight nuclear atypia and
prominent dystrophic changes of cell cytoplasma.

Examination of karyotypes of tumor cells from ascit-
ic fluid of OC patients showed heterogeneity of quantity
chromosomes (number in metaphases varied from 32
to 200 and higher). Different quantity of chromosomes
in metaphases lead to dissimilar modality of studied cell
populations. Only in 2 (12.5%) cases modal line accoun-
ted 46 chromosomes but by karyotype analyses it was
found to be pseudodiploid. The mono- or trisomia of
separate chromosomes, including the acrocentric chro-
mosomes, was observed. In other 14 (87.5%) cases, the
modality of tumor cells was characterized by the quan-
tity of chromosomes different from 46. Thus, one case
(6.25%) had modal line equal to 37, in 3 (18.75%) cases
modal line was limited by tetra- and hyperploidya (up to
12 n), in one case the tendency to bymodality was re-
gistered. In 10 (62.5%) cases modal class could not be
indicated due to great variability in quantity of chromo-
somes — from 2 n to 12 n with slight increase of cell
quantity with 37–47 and 64–74 chromosomes. It should

be noted that the presence of pseudotriploidya, pseudot-
etraploidya, pseudooctoploidya relayed to number of
chromosomes 3 n, 4 n, 8 n.

By structural chromosomal aberration analysis mul-
tiple chromosomal abnormalities were detected: chro-
matide and chromosome deletions which involved chro-
mosomes of all groups of karyotype — group A — 1p11,
2q33, 3p12, group B — 4q22, group C — 8p1,
group E — 17q24 et al. Apart from that, in two cases
marker chromosomes were detected in hypo- and hy-
perdiploidy cells and were represented by massive sub-
metacentrics. In the studied cells with prominent ane-
uploidy the chromosomal structural frequency aberra-
tions ranged from 12.6 to 28.0%. When aneuploidy
increased more than 4 n-8 n, the quantity of chromo-
somal aberrations was the highest.

The heterogeneity of structural chromosomal aber-
rations in ovarian tumor cells is in agreement with the
data of the authors [1, 15, 16] who showed correlation
between aneuploidy level, localization of aberrations,
chromosomal rearrangement in ovarian cancer cells
and proliferative activity of these cells, stage of tumor
process and the course of the disease. Diploidy of tu-
mor cells turned out to be more characteristic for highly
diffentiated adenocarcinomas. Duration of remission in
OC patients is related to ploidy of tumor: with its dip-
loidy 2-year surviving rate increases by 50.0% versus
20.0% in the case of aneuploidy.

AgNOR’s protein analysis in cytological preparations
of ascite fluid from OC patients testified their heteroge-
neity by AgNOR’s granules distribution in epithelial cells.
In tumor cells AgNOR’s granules formed clusters in the
shape of massive nucleonemic and compact nucleoli. The
first ones were bigger than the latest ones, and silver gra-
nules were closely located yet did not merge. Also, nucleo-
plasma sometimes contained 1–30 micronucleolus dis-
tributed on the whole surface of nucleus.

Described distribution of AgNOR’s granules was ob-
served both in tumor and mesothelial cells. Hense, ana-
lized cells were subdivided into 2 types: 1) cells with
nucleolonemic and compact nucleolus and single mi-
cronucleolus located in nucleoplasma, 2) cells only with
micronucleoli of different quantity. Quantitative analysis
showed that in the population of tumor cells from ascite

Table 1. Number of tumor and mesothelial cells with different types of AgNOR’s 
location in OC patients 

Number of cells of different types, % 
M ± m/range 

Subject 

Òype ² Òype ²² 

Relation of type I/ 
type II cells 

Mesothelial cells 23.0 ±0.8 
12–38 

77.0 ± 0.8 
30–80 

0.29 

Tumor cells 
(ascite) 

77.1 ± 0.7 
46–94 

22.9 ± 0.7 
6–100 

3.36 

Table 2. Characteristics of AgNOR of various forms in EC cells and endometrial 
hyperplasia 

Medium number of AgNOR’s/nucleus Diagnosis 
Big Medium Small 

Endometrial hyperplasia 0.30 ± 0.02 0.85 ± 0.05 0.87 ± 0.01 
EC adenocarcinoma with the 
level of different iation: 

   

High 0.74 ± 0.07 0.51 ± 0.04 1.66 ± 0.26 
Moderate 0.59 ± 0.06 0.58 ± 0.05 3.06 ± 0.39 
Low 0.86 ± 0.10 0.66 ± 0.09  6.72 ± 0.50 
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fluid, the cells of type I were observed three times more
frequently than that in mesothelial cells population (Ta-
blå 1). Analyses of type II cells distribution showed that
their highest quantity (77.0%) was observed in cells of
mesothelium. Also, in type II mesothelial cells the quan-
tity of micronucleolus was insignificant (from 1 to 5 per
nucleus) and in tumor cells their quantity was increased
significantly (up to 10–25 per nucleus) thus testifiing the
dispersion of Ag-NORs granules. Thus, obtained data
reflect the increased activity of ribosomal genes in ova-
rian cancer cells.

The comparison of cytomorphological features of
serous papillary ovarian cancer allowed to determine
that upon polimorphism of cells and nuclei the increased
heterogeneity of chromosome’s quantity is observed,
whilst in the case of small monomorphous nucleus and
insignificant quantity of AgNOR’s granules in cells, the
modal line was in hypodiploidy area.

Analysis of NORs in endometrial cancer allowed to
determine heterogeneity of this index (Figure). We have
found that the majority of NOR’s in EC cells are small,
and their quantity per nucleus increases from 1.66 ±
0.26 in highly differentiated endometrial adenocarci-
nomas to 6.72 ± 0.50 in low differentiated adenocar-
conomas (p < 0.05). Although big and medium
AgNOR’s are observed rarely, their quantity also shifts
to higher extent if the degree of EC differentiation de-
creases (Tablå 2). It is noteworthy, that upon moderate
degree of EC differentiation, quantity of big and medi-
um AgNOR’s was nearly equal. The highest rate of big
and medium AgNOR’s was observed in the cells of low
differentiated EC and was equal to 0.86 + 0.10 and
0.66 + 0.09 per nucleus respectively.

Overall content AgNORs depended from the degree
of EC diferentiation and was 2.90 ± 0.27, 4.63 ± 0.41,
8.57 ± 0.4 NOR/nucleus for high, medium and low dif-
ferentiated adenocarcinomas respectively (Figure). The
number of cells that contain > 5 AgNOR’s was 18.4, 42.0
and 85.3% for highly differentiated, moderate and low
differentiated EC adenocarcinomas respectively.

According to data [8] that reported correlation bet-
ween number of AgNOR’s and cells in S-phase of cells
cycle, one may suppose that the obtained data testifies
the increase in population of proliferating epithelial cells
upon the decrease of degree of EC differentiation. Analy-
sis of the results testifies increased functional activity of
tumor cells revealed in increase of the percent of cells
with the most active nucleolus (OC) and increase in the
AgNOR number (EC).

Detected changes can be a consequence of in-
crease of quantity of acrocentric chromosomes and
reflect other biological features of tumors. However,
according to our data and data of other authors [10],
the number of acrocentric chromosomes did not in-
crease proportionally to that of OC and EC cancer cells
ploidy. So, one may suppose that the increased tran-
scriptional activity of rRNA genes resulting in activation
of a silent copies of ribosomal genes [17] influences
the expression of AgNOR’s proteins.

In conclusion, in malignant epithelial ovarian tumors
and endometrial cancer heterogeneity of ribosomal
genes expression and quantity of chromosomes and
their structural changes pointing to the variability and
genetic polymorphism of studied tumors under the same
nozologic type of oncopathology were revealed.

Also, rRNA expression in endometrial adenocarci-
noma reflects the level of morphological differentiation
considerably increased in low-differentiated adenocar-
cinomas. So, one may suppose that AgNOR's quantity
in OC and EC cells is the induvidual indicator of func-
tional state and degree of malignisation of tumor cells.
This conclusion is important for cytomorphological veri-
fication of the diagnosis on pre-surgical stage of pa-
tients with suspected ÎÑ or EC, and for optimization of
differential diagnostics in those patients.
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