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PRESENT STATUS

Centromeric and pericentromeric chromosome ab-
normalities have been reported to occur in malignant cells
many years ago. Their incidence seems to be different in
different types of malignancy. In human leukemia, recur-
rent and clonal dicentric chromosomes have been found to
be associated with some subtypes of leukemia, such as
dic(5;17), dic(17;18) in myeloid cell proliferations, and
dic(7;9), dic(9;12), dic(9;20) in acute lymphoblastic leu-
kemias. As shown by using C-banding technique and more
recently fluorescent in situ hybridization (FISH), some so-
called Robertsonian translocations were indeed dicentric
chromosomes. Isodicentric chromosomes may also be pre-
sent as clonal abnormalities, like idic(8)(p11) and idic
(14)(p11) in lymphoid cell proliferations, and idic(21)
(p11), idic(Ph), idic(X)(q13) in myeloid cell proliferations.
The existence of dicentric and isodicentric chromosomes,
classically known to be instable, addresses the question of
nonfunctional (“inactive”) centromeres to explain how di-
centric-like structures can pass through successive cell di-
visions without being broken at anaphase. This is why the
term pseudo-dicentric seems to be more appropriate when
some DNA sequences usually present in centromeres and
centromere-binding proteins (CENPC, CENPE for in-
stance), that are necessary components of an active cen-
tromere, are not detected.

In a study of chromosomal abnormalities of leuke-
mia, we detected several unexpected dicentric and pseu-
dodicentric chromosomes occurring as clonal abnormali-
ties in various subtypes of hematopoietic malignancies.
These abnormalities were undetected or only suspected
with banding techniques and were ascertained by using
FISH techniques, particularly those using chromosome-
specific probes for centromeric DNA sequences, such as
alpha satellite DNA. In a short series of 10 patients with
acute leukemia and pericentric rearrangements, the pres-

ence of dicentric chromosomes was ascertained in seven
cases. Only two of them were detected and one suspected
with banding techniques (Berger and Busson-Le Coniat,
1999). Although the incidence of dicentric and pericentric
chromosomes could not be deduced from this very short
series of patients, we question now whether this incidence
has been underestimated until now.

In a systematic study of cytogenetic abnormalities of
acute lymphoblastic leukemia, an acquired translocation
t(1;19)(q12;p13) with an apparent breakpoint in the hetero-
chromatin area of chromosomes 1 was observed in a child
with leukemia. A collaborative study of 36 patients with vari-
ous types of hematopoietic malignancies and various rear-
rangements involving the proximal part of the long arm of
chromosome 1 (1q) was undertaken in order to determine
the precise location of chromosomal breakpoints (Busson-
Le Coniat et al., 1999). Starting from the conventional
banded chromosome studies, FISH techniques were applied
using heterochromatin and centromeric chromosome 1-spe-
cific probes (alpha satellite, DNA satellite 2 and 3) map-
ping to 1cen to 1q12, and more telomeric probes covering
the BCL9, and ARNT genes mapping to 1q21. A breakpoint
within satellite 2-3 DNA area of chromosome 1 or between
alpha satellite and satellite 2-3 DNA was detected in 14
patients, whereas the breakpoint was located between the
satellite 2 and 3 area in eight patients, and between the
centromeric area and ARNT locus in two further cases.

In the present study, as in the previous one, the inci-
dence of rearrangements within heterochromatin was high,
athough it was biased by the recruitment of the patients
based on banded metaphase chromosome analysis. How-
ever, because of the difficulty to precisely localize the
breakpoint in the proximal part of 1q by cytogenetic tech-
niques alone, the FISH technique was very useful for the
localization of the chromosomal breakpoints in heterochro-
matin in 14 patients. The rearranged chromosomes may
consequently be qualified as pseudodicentrics.
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FINAL COMMENTS

The results summarized above justify further inves-
tigation of these kinds of abnormalities for several rea-
sons. The first series of questions concerns the mecha-
nisms of production of the abnormalities. Several factors
may favor rearrangements of heterochromatin and ille-
gitimate recombination resulting in acquired transloca-
tion. They are somatic pairing, DNA sequence homolo-
gies between centromeric DNA, methylation status that
can stretch DNA and favor chromosomal breakage in the
corresponding area, presence of transposons within het-
erochromatin DNA, and even herochromatin polymor-
phism that has been suspected to favor an abnormal re-
combination rate. The second series of questions con-
cerns the possible consequences of heterochromatin re-
arrangements. They are quantitative disequilibrium (par-
tial trisomies and monosomies), silencing of genes lo-
cated in the vicinity of the chromosomal breakpoints due
to the translocation of heterochromatin to ectopic loca-

tion and functional alterations of genes and proteins as-
sociated with heterochromatin. Many of these directions
of research can now be tested because of the dramatic
advances recently made in molecular biology and func-
tional studies. The present task of cytogeneticists is to
increase the number of cases studied to determine the
types of abnormalities involving heterochromatin in ma-
lignancy.
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