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Cytogenetic aberrations in primary cell
cultures of the ovarian surface epithelium.
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Abstract. Our objective was to determine the presence of chromosomal
abnormalities in primary cultures of ovarian surface epithelial cells in women
of different ages with no history of cancer. Throughout conventional
cytogenetic techniques, we analyzed chromosome spreads of cultured ovarian
epithelial cells from 10 donors who were 50 or more years old (B) and 16 con-
trols between 20 and 49 years old (A), belonging to the mestizo population in
Bogota DC, Colombia. Of the 26 cultures that were analyzed in passage 1,
61.5% had an abnormal chromosome complement (62.5% in A, and 60% in B).
Abnormalities included polyploidies, endoduplications and monosomies. Dele-
tions in chromosomes 3 and 11 were found in just one metaphase. None of
the samples showed weaknesses or breakpoints. After transforming and apply-
ing the exact student’s t-test for variance heterogeneity, we found significant
differences in the frequency of metaphases, that were higher in A than in B
(p=0.05), and in the frequency of polyploidies, which were higher in B than in
A (p=0.044). Through the application of the Mann-Whitney test, we deter-
mined that the frequency of endoduplications was higher in A than in B
(p=0.126), without reaching significant differences. There were no significant
differences in the frequency of monosomies. The level of significance was set
at p < 0.05. Taking into account that polyploidization is a marker of chromo-
somal instability and that the risk of cancer arising from the ovarian surface
epithelium augments substantially after menopause, the increase in the fre-
quency of age-associated polyploidies could be used as a predictor of ovarian
cancer in women from an ethnically homogencous population as the mestizo
one in Bogota DC.
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Aberraciones citogenéticas en cultivos primarios del epitelio
superficial del ovario.
Invest Clin 2010; 51(4): 541 - 551

Palabras clave: cultivos celulares, aberraciones cromosémicas, inestabilidad cro-
mosoémica, epitelio ovarico, poliploidia.

Resumen. El objetivo del presente trabajo fue determinar la presencia de
anormalidades cromosomicas en cultivos primarios de células del epitelio su-
pertficial ovarico en mujeres de diferentes edades, sin antecedentes de cancer.
Mediante técnicas de citogenética convencional fueron analizados extendidos
de células epiteliales ovaricas histologicamente normales, provenientes de
cultivos primarios de 10 donantes de 50 o mas afos (B) y de 16 donantes en-
tre 20 y 49 anos que se utilizaron como grupo control (A), pertenecientes a la
poblacion mestiza de Bogota DC, Colombia. De 26 cultivos examinados en
pase 1, 61,5% presenté complemento cromosémico anormal, 62,5% en Ay
60% en B. Las anomalias numéricas halladas, todas en mosaico, incluyeron
poliploidias, endoduplicaciones y monosomias. En una tnica c¢élula en metafa-
se de un cultivo, se presentaron deleciones en los cromosomas 3 y 11. Ningu-
na muestra presenté fragilidades o roturas. Previa aplicacion de transforma-
ciones, con la prueba exacta t-student para varianzas heterogéneas, se encon-
traron diferencias significativas en la frecuencia de células con metafase nor-
mal, mayor en A que en B (p=0,05) y en la de poliploidias, mayor en B que en
A (p=0,044). Con la prueba exacta de Mann-Whitney se determiné que la fre-
cuencia de endoduplicaciones en A fue mayor que en B (p=0,126), sin alcan-
zar diferencias significativas y que no hubo diferencias significativas en la fre-
cuencia de monosomias. El nivel de significacion fue p < 0,05. Si se tiene en
cuenta que la poliploidizacion es un marcador de inestabilidad cromosémica
y, que ademas, el riesgo de aparicion de cancer derivado del epitelio superfi-
cial del ovario aumenta sustancialmente después de la menopausia, el
incremento en la frecuencia de poliploidias asociado con la edad podria ser
utilizado como predictor de cancer ovarico en mujeres de una poblacion
étnicamente homogénea como la poblacion mestiza de Bogota DC.

Received: 03-03-2010. Accepted: 22-07-2010.

INTRODUCTION

Almost 80% of ovarian carcinomas
arise in the surface epithelium (OSE) of
this organ and are responsible for more
than half of the deaths related to
gynaecologic diseases (1-4). In particular,
the annual incidence of ovarian cancer in
Colombia is 8.6 per 100000 women of

which 7% occur in premenopausical and
30% in postmenopausical women, accord-
ing to the Registro Poblacional de Cancer
from Cali, Colombia (5). Signs of genetic
instability in this tissue are in close associa-
tion with malignant transformation (6).
These changes include chromosomal abnor-
malities (7,8), as deletions in region
6q15-g21 of chromosome 6, pericentric in-

Investigacion Clinica 51(4): 2010



Cytogenetic aberrations in ovarian surface epithelium cells 543

version of chromosome 9 inv(9)(pllqll),
loss of chromosomes 3p, 6p, 6q, 9q, 11p,
13q, 17p13 y 17q, trisomies 12, 7 and 8,
monosomies X (A, B, G, D, E, F, G, H) and
polyploidies (with randomly positioned
chromosomes) (9-16), which usually pre-
cede chromosomal abnormalities. Other
changes, such as translocations between
chromosomes 6 and 14 t(6;14)(q21;q24)
and between chromosomes X and 11
t(X;11)(gq23;923), or point mutations that
provoke oncogene activation, such as kras
(17) and inactivation of tumour suppressor
genes such as p53 (18) and breal (19)
among others, have been also related to the
origin of this pathology. Tetraploidies in
particular, correspond to the replication of
both genomic content and number of
centrosomes which emerge as the result of
defective cytokinesis or chromosome segre-
gation during mitosis.

It has been possible to identify a spec-
trum of chromosomal abnormalities, both
non-random and highly complex, in primary
ovarian carcinomas. Although they are not
characterized by pathognomonic rearrange-
ments, they contain the either erroneous ar-
rangements or structural abnormalities such
as the ones mentioned previously (21, 22).

In this context, and considering that
the risk of cancer arising from OSE in-
creases in perimenopausal women, karyo-
types of cultured ovarian epithelial cells
from 26 donors -10 were 50 years old or
older and 16 were younger than 50- were
analyzed using conventional cytogenetic
techniques with the purpose of determining
the frequency of age-associated chromo-
some aberrations.

MATERIALS AND METHODS

Donors

OSE samples were obtained with in-
formed consent, in accordance to the Dec-
laration of Helsinki, from 26 healthy do-

nors, between 20 and 63 years old, which
had gone through total or partial
oophorectomy due to benign conditions,
such as ovarian cysts, adnexal torsion, or
salpingo-oophorectomy due to ectopic preg-
nancy or benign adnexal masses. The tis-
sues were histologically normal.

Donors belonged to an ethnically ho-
mogeneous cohort of colombian mestizo
women who were taken to surgical proce-
dures in five hospitals, both public and pri-
vate, in Bogota DC, during 2007 and 2008.
The sample was stratified into two age
ranges, as follows:

— A. - <50 years
— B.->50 years

To set this stratification, we took into
account that the risk of cancer arising from
OSE increases significantly with age, espe-
cially after menopause.

Primary cultures

To separate the surface epithelium
from stroma, each tissue sample was pro-
cessed through enzymatic disaggregation
with 0.5% Dispase II (Roche Molecular
Biochemicals) and then seeded in the media
mix MCDB105 (Sigma)/M199 (Gibco) sup-
plemented with 10% fetal bovine serum
(FBS). After reaching 90-95% contluence in
culture flasks of 25 em?, cells were detached
through the enzymatic action of trypsin/PBS
solution and 0.25% EDTA for 60 seconds.

After resuspending in mixed media and
FBS, cells were placed again in culture
flasks. The flasks contents were filled up to 3
mL with culture medium and 10% FBS and
incubated at 37°C and 5% CO,. Cells were
serially subcultured until 70-80% of them
had acquired a senescent phenotype (large
cells of mesenchymal appearance hardly
confluent) for approximately 4-5 passages.

Karyotype
After breaking up cells in passage 1
with trypsin/EDTA and centrifuging, we
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added medium and resuspended the pellet.
The cell suspension was deposited on plates
in petri dishes, covered with 15 mL MEM
(Sigma) supplemented with 10% FBS, and
incubated during 24 hours at 37°C. When a
monolayer appeared, we added 150 uL of
colchicine for 2.5 hours and then an
hypotonic solution (0.075 M KCI) for 10
minutes. This step was previously standard-
ized in order to obtain the correct cell dis-
persion without undesirable presence of
lysis or metaphases mixes. Then, we pre-
fixed the spreads for 10 minutes and fixed
them for 50 minutes more with Carnoy.

Differential staining

Chromosome preparations were aged
during 2 hours at 82°C and incubated in
2xSSC buffer for 30 min at 60°C. After-
wards, trypsinization was carried out by im-
mersion in trypsin-water 1:1 solution for 5
seconds and stained with Giemsa for 10
minutes. Slides were sealed to be examined
under the microscope.

Chromosome analysis

For the lecture, we selected 279 cells
in metaphase with appropriated morphol-
ogic characteristics, dispersion, and chro-
mosomal bands. In total, three to four
spreads from each donor were analyzed. To
examine polyplodies with randomly posi-
tioned chromosomes, we only took into ac-
count chromosomes with similar condensa-
tion level, well-closed and well-banded chro-
matides, in order to avoid any confusion be-
tween true polyploidies and the lysed meta-
phases formed as a result of the hypotonic
treatment.

Characterization

We determined the expression of
cytokeratin 18 through immunocytochem-
ical techniques. Cytokeratin 18 is a
cytoskeletal fibrillar protein present in the
nucleus, nucleolus, and cytoplasm of simple

epithelium cells. The cell spreads on slides,
previously fixed with Carnoy, were stained
with monoclonal antibody anticytokeratin
18 conjugated with fluorescent
isothiocyanate (FITC) (Sigma) and incu-
bated in a moist chamber for 12 hours at
37°C and 5% CO,. After washing with PBS,
green signals were visualized by fluores-
cence spectroscopy using a FITC/Rhoda-
mine/DAPI triple filter.

Statistics

By  applying Kolmogorov-Smirnov
(Lilliefors) and Shapiro Wilk tests for nor-
mality, we evaluated the following variables:
total number of metaphase cells, number
and frequency of normal and abnormal
metaphase cells and frequency of poly-
ploidies, endoduplicacions and monosomies
per group in passage 1. The Levene test was
applied to determine variance homogene-
ity. In case there were no normal distribu-
tions, square root transformations were
made. In order to establish whether there
were differences between means, we used
the student’s t-test for independent groups
with homogeneous or heterogencous vari-
ances. When assumptions were not met, we
applied the exact non-parametric Mann-
Whitney test. The level of significance was
set at p < 0.05.

RESULTS

Of the 26 cultures examined at passage
1, 61.5% had an abnormal chromosome
complement (62.5% in A and 60% in B).
These complements included numerical ab-
normalities, all mosaicisms, such as poly-
ploidies (with randomly positioned chromo-
somes) (Fig. 1), endoduplications (Fig. 2)
and monosomies. There were structural ab-
normalities only in a single metaphase cell
that were evidenced as deletions in chromo-
somes 3 and 11. None of the samples
showed weaknesses or breakpoints (Table I).

Investigacion Clinica 51(4): 2010
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Fig. 1. Karyotype with endoduplication: end

46,XX.

The exact nonparametric Mann-Whit-
ney test showed that in A, both total num-
ber and normal metaphase cells were signif-
icantly higher than in B (p=0.043 and
p=0.028, respectively). The frequency of
abnormal metaphase cells in B was almost
significantly higher than in A (p=0.139)
(Table ID).

After applying square root transforma-
tion, the exact student’s t-test adjusted for
heterogeneous variances showed that fre-
quency of normal metaphase cells in A was
higher than in B (p=0.005) and that there
was a significant difference in the frequency
of polyploidies between groups, higher in B
than in A (p=0.044) (Table II).

Through the analysis of Fig. 3, we de-
termined that both mean and median fre-
quencies of abnormal metaphase cells were
higher in B, whereas in A there were fre-
quencies equal to zero.

The exact Mann-Whitney test estab-
lished that frequency of A cells with endo-
duplications was higher than in B
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Fig. 3. Median of frequency distribution of ab-
normal metaphase cells in the two age
groups A (<50) and B (=50).

(p=0.126) without reaching significant dif-
ferences, while frequency of endodu-
plications in total cells with abnormalities
showed no significant differences between
the two groups (Table II).

DISCUSSION

Our study showed that both total
metaphase and normal metaphase cells
were higher in cultured tissues from youn-
ger donors. In the elderly ones, although
there was proliferation, responsiveness to
culture conditions was slower. This reduc-
tion in replicative capacity and the ageing
associated changes previously reported in
literature (23-25), may influence the occur-
rence of the chromosomal abnormalities
described herein. Regarding this, in many
cases, polyploidies appeared since the first
passage. The obvious question is whether
this type of numerical abnormality was
present in vivo, or instead, it was induced
by the stress culture. Before seeding cells,
karyotype is not examined, since this re-
quires that metaphase cells are analyzed
and it is only possible when cells grow in
culture. Taking into account that poly-
ploidies occur during cell division and also
that the ovarian surface epithelium is sub-
ject of a high turnover rate at the site of

rupture caused by ovulation, it is possible
that such abnormalities have appeared be-
fore the sampling. This idea would gain
more strength if we consider that the
karyotype analysis was performed in the
first passage, in a relatively similar way as
the one used for tissue removal. However, if
this did occur, it would confirm that the
probability of polyploidies in ovarian surface
epithelium in vivo is greater in women over
50 years. Moreover, the abnormalities were
not found as isolated cases, fact supporting
the idea that culture stress did not induce
the appearance of such abnormalities.

Furthermore, there was not a possibil-
ity of confusing true polyploidies with the
metaphases resulting after the hypotonic
treatment. These ones are easily distin-
guishable because their chromosomes ex-
hibit variable condensation levels and mor-
phology, in contrast to the true poly-
ploidies.

The occurrence of polyploidies is asso-
ciated with chromosomal instability and
therefore with a higher risk of malignant
transformation. It is also related to the ap-
pearance of the senescent state. This can
be explained on the basis of DNA replica-
tion in absence of mitosis, which is a usual
behavior in senescence (26-29). For this
reason, we consider polyploidization as a
predictor of cancer risk and also as a se-
nescence marker (30, 31). Our results sug-
gest that cultured cells of the ovarian sur-
face epithelium became senescent in an
early stage and more frequently in tissues
from donors over the age of 50. Regarding
the adaptive advantages that this repre-
sents at cellular level, It has been proposed
that at early ages, cell senescence acts as a
tumor suppressor mechanism (32, 33),
while in advanced ages it promotes
tumorigenesis (33, 34).

As a cancer risk predictor, poly-
ploidization seems to be a crucial stage in
the evolution of aneuploidies and carcino-

Investigacion Clinica 51(4): 2010
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genesis (36). In particular, tetraploidies
correspond to chromosome stages that
have been associated with development of
aneuploidies and chromosome instability
(37, 38), but also appear in germ and so-
matic cells. Germ tetraploidies, which are
very rare, are incompatible with life and
emerge as the result of a defective mitosis
during early embryonic development (39).
Tetraploidies are frequent in human so-
matic cells, particularly in tissues with
higher capacity of self-renewal, such as
liver, placenta, certain hematopoietic cells
(40-42) and others who normally do not
proliferate, as cardiac muscle. In this case,
it is believed that polyploidization acts as
an adaptive mechanism against DNA dam-
age and oxidative stress.

In our study, six of 26 total metaphase
cells (23.1%) and six of the 16 abnormal
ones (37.5%) were tetraploidies. It is impor-
tant to note that this abnormality appears
in the early malignant transformation (32,
47, 50) and it is common in precancerous
and cancerous stages of some types of tis-
sues (45) as the ovarian surface epithelium
(6,46), where its presence is significantly
correlated with an increased risk of tumor
progression (47-50).

Because of the association between
chromosome abnormalitiecs and carcino-
genesis, a higher probability to develop
polyploidies in ovarian surface epithelium
in the elderly should have an impact on the
clinical field, in specific situations such as:

— Identification of pre-neoplastic chan-
ges in the normal ovary versus the can-
cerous one.

— Evaluation of karyotype changes in the
ovarian surface epithelium adjacent to
carcinoma of this tissue.

— Comparison of chromosomal abnorma-
lities in the ovaries of monozygotic
twins, one of which has had ovarian
cancer.

— Comparison between karyotype of ova-
ries prophylactically removed in wo-
men at risk of developing cancer and
those of both Colombian and world ge-
neral population (51).

ACKNOWLEDGMENTS

This project was funded by the Re-
search Fund of Universidad del Rosario
(FTUR) and had the support and coopera-
tion of the Hospital Occidente de Kennedy,
Bogota DC, Colombia.

REFERENCES

1. Herbst AL. The epidemiology of ovarian
carcinoma and the current status of tumor
markers to detect disease. Am J Obstet
Gynecol 1994; 170:1099-1105.

2. Scully RE. World Health Organization
histological classification of tumors. 1999.
Berlin: Springer Verlag.

3. Cancer Facts & Figures 2009. In:
http://www.cancer.org/ (Last access: au-
gust 11 2009).

4.  Surveillance, epidemiology and end re-
sults: Ovary cancer. In: National Cancer
Institute, http://seer.cancer.gov/ (Last ac-
cess: august 11 2009).

5.  Registro Poblacional de Cancer de Cali,
Colombia. Ovario. In: RPPC: Registro Po-
blacional de Cancer de Cali, Colombia.
http://rpec.univalle.edu.co/es/index.php.
Last date of access: june 13 2010.

6.  Bayani J, Paderova J, Murphy J, Rosen B,
Zielenska M, Squire JA. Distinct patterns
of structural and numerical chromosomal
instability characterize sporadic ovarian
cancer. Neoplasia 2008; 10:1057-1065.

7.  Mayr D, Diebold J. Chromosomal changes
in ovarian cancer. Curr Diagn Pathol 2003;
9:328-332.

8. Mitelman F, Mertens F, Johansson B.
Prevalence estimates of recurrent bal-
anced cytogenetics aberrations and gene
fusions in unselected patients with neo-
plastic disorders. Genes Chromosomes
Cancer 2005; 43:350-366.

Vol. 51(4): 941 - 951, 2010



550 Chuaire-Noack y col.

9.  Trent JM, Salmon SE. Karyotypic analysis CK. P53 mutations in tissue from Danish
of human ovarian carcinoma cells cloned ovarian cancer patients from the Danish
in short term agar culture. Cancer Genet “MALOVA” ovarian cancer study. Gynecol
“ytogenet 1981; 3:279-291 Oncol 2006; 100:76-82.

10. Trent JM, Thompson FH, Alberts DS. Re- 19. McCoy ML, Mueller CR, Roskelley CD.
curring sites of chromosome change in hu- The role of the breast cancer susceptibility
man ovarian carcinoma. Cancer Genet gene 1 (BRCA1) in sporadic epithelial
Cytogenet 1987; 28:36-40. ovarian cancer. Reprod Biol Endocrinol

11. Barch MJ. The AGT Cytogenetics Labora- 2003; 1:72.
tory Manual. 37 Edicion. Ed. Turid 20. Lee-Jones L. Ovarian tumours: an over-
Knutsen & Jack L. Spurbeck. 1997. Ed. view. Atlas Genet Cytogenet Oncol Haema-
Lippincott-Raven Publishers. pp 401-403. tol 2003. In: http://AtlasGenetics Oncology.

12. Tibiletti MG, Bernasconi B, Furlan D, org/Genes/OvarianTumOverview 1D5231.
Bressan P, Cerutti R, Facco C, Franchi html (Last access: august 28 2009).

M, Riva C, Cinquetti R, Capella C, 21. Panani AD, Roussos C. Non-random struc-
Taramelli R. Chromosome 6 abnormalities tural chromosomal changes in ovarian can-
in ovarian surface epithelial tumors of bor- cer: i(5p) a novel recurrent abnormality.
derline malignancy suggest a genetic con- Cancer Letters 2006; 235:30-135.

tinuum in the progression model of ovar- 22. Jancarkova N, Krkavcova M, Janashia M,
ian neoplasms. Clin Cancer Res 2001; Freitag P, Duskova J, Cibula D. Chromo-
7:3404-3409. somal rearrangements and their relations

13. Thompson FH, Emerson J, Alberts D, Liu to histopathological and clinical parame-
Y, Guan XY, Burgess A, Fox S, Taetle R, ters in epithelial ovarian cancer. Folia Biol
Weinstein R, Makar R. Clonal chromo- (Praha) 2008; 54:58-64.
some abnormalities in 54 cases of ovarian 23. Ben-Porath I, Weinberg RA. The signals
carcinoma. Cancer Genet Cytogenet 1994; and pathways activating cellular senes-
73:33-45. cence. Int J Biochem Cell Biology 2005;

14. Micci F, Haugom L, Ahlquist T, Andersen 37:961-976.

HK, Abeler VM, Davidson B, Trope CG, 24. Katakura Y. Molecular basis for the cellu-
Lothe RA, Heim S. Genomic aberrations lar senescence program and its application
in borderline ovarian tumors J Transl Med to anticancer therapy. Biosci Biotechnol
2010; 8:21. Biochem 2006; 70:1076-1081.

15. Panani AD, Aravidis C, Kosmaidou Z, 25. Campisi J, D’Adda di Fagagna F. Cellular
Rodolakis A, Antsaklis A. Simple struc- senescence: When bad things happen to
tural chromosomal abnormalities in ad- good cells. Mol Cell Biol 2007; 8:729-740.
vanced stage of ovarian cancer. In Vivo 26. Sherwood SW, Rush D, Ellsworth JL,
2009; 23:425-428. Schimke RT. Defining cellular senescence

16. Huang NF, Gupta M, Varghese S, Rao S, in IMR-90 cells: a flow cytometric analysis.
Luke S. Detection of numerical chromo- Proc Natl Acad Sci USA 1988; 85:9086¢90.
somal abnormalities in epithelial ovarian 27. Wagner M, Hampel B, Bernhard D, Hala
neoplasms by fluorescence in situ hybrid- M, Zwerschke W, Jansen-Durr P. Replicat-
ization (Fish) and a review of the current ive senescence of human endothelial cells
literature. Appl Immunohistochem Mol in vitro envolves G1 arrest, polyploidization
Morphol 2002;10: 187-193. and. senescence-associated apoptosis. Exp

17. Shayesteh L, Lu Y, Kuo WL Baldocchi R, Gerontol 2001; 36:1327-1347.

Godfrey T, Collins C, Pinkel D, Powell B, 28. Walen KH. Budded karyoplasts from multi-
Mills GB, Gray JW. PIK3CA is implicated nucleated fibroblast cells contain centro-
as an oncogene in ovarian cancer. Nat somes and change their morphology to mi-
Genet 1999; 21:99-102. totic cells. Cell Biol Int 2005; 29:1057¢65.
18. Hogdall E, Kjaer SK, Blaakaer J, 29. Walen KH. Human diploid fibroblast cells

Christensen L, Glud E, Vuust J, Hogdall

in senescence; cycling through polyploidy

Investigacion Clinica 51(4): 2010



Cytogenetic aberrations in ovarian surface epithelium cells

551

32.

34.

35.

36.

38.

39.

40.

41.

to mitotic cells. In Vitro Cell Dev Biol
Anim 2006; 42:216-224.

Jones MR, Ravid K. Vascular smooth mus-
cle polyploidization as a biomarker for ag-
ing and its impact on differential gene ex-
pression. J Biol Chem 2004; 279:5306-
5313.

Yang D, McCrann DJ, Nguyen H, St.
Hilaire C, DePinho RA, Jones MR, Ravid
K. Increased polyploidy in aortic vascular
smooth muscle cells during aging is
marked by cellular senescence. Aging Cell
2007; 6:257-260.

Collado M, Gil J, Efeyan A, Guerra C,
Schuhmacher AJ, Barradas M, Benguria
A, Zaballos A, Flores JM, Barbacid M,
Beach D, Serrano M. Tumour biology: Se-
nescence in premalignant tumours. Nature
2005; 436:642.

Michaloglou C, Vredeveld LC, Soengas
MS, Denoyelle C, Kuilman T, van der
Horst CM, Majoor DM, Shay JW, Mooi
WJ, Peeper DS. BRAFE600-associated se-
nescence-like cell cycle arrest of human
naevi. Nature 2005; 436:720-724.

Campisi J. Cancer and ageing: rival de-
mons? Nat Rev Cancer 2003; 3:339.
Campisi J. Cellular senescence and
apoptosis: How cellular responses might
influence ageing phenotypes. Exp Geront
2003; 38:5-11.

Atkin NB. Chromosomal doubling: the sig-
nificance of polyploidization in the devel-
opment of human tumors: possibly rele-
vant findings on a lymphoma. Cancer
Genet Cytogenet 2000; 116:81-83.
Margolis RL, Lohez OD, Andreassen PR.
G1 tetraploidy checkpoint and the sup-
pression of tumorigenesis. J Cell Biochem
2003; 88:673-683.

Margolis RL. Tetraploidy and tumor devel-
opment. Cancer Cell 2005; 8:353-354.
Gue-Scekic M, Milasin J, Stevanovic M,
Stojanov LJ, Djordjevic M. Tetraploidy in
a 26-month-old girl (cytogenetic and mo-
lecular studies). Clin Genet 2002; 1:62-65.
Brodsky WY, Uryvaeva IV. Cell polyploidy:
its relation to tissue growth and function.
Int Rev Cytol 1977; 50:275-332.

Zybina TG, Zybina EV. Cell reproduction
and genome multiplication in the pro-

42.

44.

45.

46.

48.

49.

liferative and invasive trophoblast cell pop-
ulations of mammalian placenta. Cell Biol
Int 2005; 29:1071-1083.

Ravid K, Lu J, Zimmet JM, Jones MR.
Roads to polyploidy: the megakaryocyte ex-
ample. J Cell Physiol 2002; 190:7-20.
Olaharski A, Sotelo R, Solorza-Luna G,
Gonsebatt M, Guzman P, Mohar A,
Eastmond D. Tetraploidy and chromo-
somal instability are carly events during
cervical carcinogenesis. Carcinogenesis
2006; 27:337-343.

Barrett MT, Pritchard D, Palanca-Wessel
C, Anderson J, Reid BJ. Molecular pheno-
type of spontancously arising 4N (G2-
tetraploid) intermediates of neoplastic
progression in Barrett’s esophagus. Cancer
Res 2003; 63:4211€7.

Cahill DP, Kinzler KW, Vogelstein B,
Lengauer C. Genetic instability and dar-
winian selection in tumours. Trends Cell
Biol 1999; 9:M57-M60.

Greenebaum E, Yee HT, Liu J. DNA ploidy
of ovarian and adnexal cyst fluid. A useful
adjunct to cytology. Acta Cytol 1994;
38:201-208.

Teixeira M, Pandis N, Heim §S. Cyto-
genetic clues to breast carcinogenesis.
Genes Chromosomes Cancer 2002; 33:1-
16.

Pérez E, Roche P, Jenkins R, Reynolds C,
Halling K, Ingle J, Wold L. HER2 testing
in patients with breast cancer: poor corre-
lation between weak posivity by Immuno-
histochemistry and gene amplification by
fluorescence in situ hybridization Mayo.
Clin Proc 2002; 77:148-154.

Tanja F, Morrison L, Saboorian H, Hyan
L, Tucker T, Uhr J. Patterns of aneusomy
for three chromosomes in individual cells
from breast cancer tumors. Breast Cancer
Res Treat 2002; 75:227-239.

Watter A, Going J, Cooke T, Bartlett J.
Chromosome 17 anecusomy is associated
with poor prognostic factors in invasive
breast carcinoma. Breast Cancer Res Treat
2003; 77:109-114.

Wong AS, Auersperg N. Ovarian surface
epithelium: family history and early events
in ovarian cancer. Reprod Biol Endocrinol
2003; 7:1-70.

Vol. 51(4): 941 - 951, 2010



