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ABSTRACT: Double-minute chromosomes (DMs) were observed in repeated samples in the leukocytes
of a patient with a previous history of cervical carcinoma. The most interesting cytogenetic
finding was the coexistence of DMs and a dicentric chromosome along with chromosome- and
chromatid-type breaks and gaps. This observation suggests that DMs might originate through
the breakage of existing chromosomes. The presence of DMs in leukocytes may also indicate
the possibility that certain common agents cause DMs in tumor cells as well as in normal
cells.

INTRODUCTION

Double minutes (DMs) are considered a unique phenomenon in tumor biology, al-
though their origin and significance are not yet clearly known. Several reports have
been published on the presence of DMs in various tumors [1-5], particularly in
neurogenic tumors [6—12]. Recently, DMs were reported in cervical carcinoma cells
[2]. They have been reported both in vivo and in vitro in breast tumor cells [1]. So
far, there is only a single case report wherein DMs were observed in peripheral
leukocytes of a patient with neuroblastoma [6]. The presence of DMs in cells other
than tumor cells points to a possible common agent(s) responsible for producing
DMs in tumor cells and other cells of the body. More data are needed to generalize
this view. This article reports the presence of DMs in peripheral leukocytes in a
patient having a previous history of treated cervical cancer.

MATERIAL AND METHODS

Case Report

The patient, aged 48 years, had a history of cervical carcinoma of the uterine cervix.
Her disease had been clinically diagnosed as stage III, and she had undergone ra-
diotherapy (6000R) which included two insertions of radium spaced at an interval
of 1 week and followed by 15 external x-ray exposures in the parametrial region
5 years before. She reported to the hospital for a routine checkup, and peripheral
blood was collected for the first time for cytogenetic analysis. The sample was repeated
after 1 year. At present, the patient has no clinical evidence of carcinoma. Cytological
examination of the cervical smear did not reveal any evidence of malignancy.
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Peripheral blood leukocytes were cultured according to a conventional method
in the presence of phytohemaglutinin (Gibco) for 72 hr. Leukocytes were also cul-
tured in the presence of bromodeoxyuridine (BrdU) for sister chromatid exchange
(SCE) analysis. In the first and second samples, respectively, 65 and 90 metaphase
plates were examined for the study of chromosomal aberrations.

RESULTS

The most important cytogenetic observation was the presence of DMs and dicentric
chromosomes and their existence in a subsequent repeat sample after 1 year. The
cytogenetic analysis revealed a similarity in the types of chromosomal aberrations
observed in both samples. However, they varied quantitatively (Table 1).

In the first sample, out of 65 metaphase plates, 4 (6.2%) revealed DMs. Of the 4
metaphase plates containing DMs, 2 had a dicentric chromosome (Fig. 1). In both
plates the chromosome count was 45. The number of DMs varied between one and
three. Variation in the size of the DMs was also observed. In conventional Giemsa
staining the DMs were stained similarly to other chromosomes. In BrdU-treated
cultures, they showed differential staining of sister chromatids (Fig. 2). In addition
to DMs and dicentric chromosomes, other chromosomal aberrations {chromatid breaks,
gaps, and acentric fragments) were observed (Fig. 3). The frequency of different
chromosomal aberrations varied (Table 1). The most frequent aberration was chro-
matid-type breaks (9.2%), which were of random nature. The average frequency of
SCEs per metaphase was 7.8, and no heteromorphism of C-bands was observed.

In the second sample, out of 90 metaphase plates analyzed, 3 revealed DMs in
varied numbers, and 1 of these showed a dicentric chromosome with DMs. Other
chromosomal aberrations observed in the sample are listed in Table 1. It is interest-
ing to note the similar nature and frequency of the chromosomal aberrations, in-
cluding DMs and dicentric chromosomes, even after 1 year.

DISCUSSION

An interesting feature of the cytogenetic observations in this case was the presence
of DMs and dicentric chromosomes in the leukocytes of peripheral blood and their
persistence. The presence of DMs in peripheral leukocytes has been reported only
in a single case of neurcblastoma [6]. There is no report on the presence of DMs in
peripheral leukocytes of normal individuals. The present evidence supports the
possibility of a common agent(s) that may cause the formation of DMs in tumor
cells as well as in peripheral leukocytes.

There are several different explanations regarding the origin of DMs: (1) DMs are
fragments of preexisting chromosome regions; (b) DMs are a result of the amplifi-

Table 1 Frequency of chromosomal aberrations in leukocytes of a patient with a
previous history of cervical carcinoma

Metaphases
Date of No. of Breaks and gaps with
examination metaphases Chromosome Chromatid DMs abnormalities
5/6/81 65 3 10 4 10
(4.6) (15.4) (6.2) (15.4)
22/5/82 90 4 12 3 11
(4.4) (13.3) {3.3) (12.2)

Figures in parentheses are percentages.
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Figure 2 A partial metaphase showing differential staining of sister chromatids of DM chro-
mosomes.

cation of subchromosomal regions; and (¢) DMs are extrachromosomal in nature
[1]. Based on our material, it is evident that DMs originate from existing chromo-
somes and are not extrachromosomal bodies, as both conventional Giemsa staining
and BrdU treatment with staining for sister chromatids revealed DMs to be identical
to those from other chromosomes.

Another interesting observation was the presence of dicentric chromosomes along
with DMs. So far, no report is available on the presence of both DMs and dicentric
chromosomes in the same metaphase. This observation strongly supports the pos-
sibility that the dicentric chromosomes and DMs in the present case originated
through the breakage and fusion of conventional chromosome regions. Two pairs of
DMs and one dicentric chromosome in one metaphase plate suggest this as the most
possible explanation. Leukocytes grown in vitro for a long time indicated the pos-
sibility that the formation of DM-like structures in several areas of different chro-
mosomes was a degenerative effect {6].

The number of DMs per cell did not show any correlation with the number of
chromosomes or any other abnormality. DMs in cells with a normal diploid chro-
mosome number have been reported by several other authors [1,6]. Elimination of
acentric fragments generally occurs in subsequent cell divisions, and DMs would
be expected to be eliminated if they were chromosome fragments. However, based
on the available literature and on present evidence, the variation in the distribution
of DMs in various cells reflects their random distribution but does not support their
gradual elimination because of the absence of a centromere. DMs frequently form
clusters outside the equatorial plate during anaphase, and these DM clusters move
passively with the chromosomes [1,6,10,13,14]. It has also been postulated that the



DM Chromosomes and Cervical Carcinoma 121

Figure 3 A partial metaphase with various aberrations: a dicentric chromosome, DMs, acen-
tric fragments.

maintenance of DMs in a cell population without gradual elimination is possible
through the formation of micronuclei which then undergo mitosis synchronously.
However, most possibly, variation in the number of DMs occurs mainly through
nondisjunction and/or replication phenomenon. The possible time of origin of DMs
is controversial. The observation of dicentric chromosomes and chromatid-type breaks
in our material suggests the possibility that DMs originate during or after the repli-
cation phase and not in the G,-phase, as previously reported [6].

The patient had a history of radiotherapy. It is well established that radiation
causes various chromosomal aberrations. However, it is difficult to attribute the
formation of DMs only to radiation effects, since DMs and dicentric chromosomes
could not be observed in any patients with a history of radiotherapy studied in the
laboratory.

Spontaneous regression of neuroblastoma and other neurogenic tumors have been
reported to be common, although the actual mechanism is not known. Possible
association of DMs with the regression of tumors has been suggested by Sandberg
et al. [6] in view of the fact that DMs are commonly seen in these tumors. Clinical
examination of the case revealed complete regression of cancer after radiotherapy 5
years before. At present it is very difficult to make any comment on the significance
of DMs in the peripheral lymphocytes of a patient with cervical cancer from a di-
agnostic and prognostic point of view. However, more data are needed for further
comment in this regard.
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