
Abstract. Small polydispersed circular DNA (spcDNA)
belongs to the extrachromosomal pool of DNA and is
composed of heterogeneous DNA circles. Whether spcDNA
has a special function is currently unclear but their occurrence
was suggested to be linked to genetic instability. In this study
we investigated as to whether human lymphocytes from
healthy volunteers also harbour spcDNA and whether spcDNA
is present in all permanent cell lines from human normal and
malignant tissues. Moreover, we were interested to see whether
spcDNA contains sequences of mobile genetic elements. Our
results show that spcDNA is present in all samples investigated
yet the amount is lower in normal lymphocytes when com-
pared to cancer cell lines (5.4 vs. 17.8%). Alu sequences
were present in 12/16 cancer cell lines whereas LINE-1 (L1)
sequences were present in 15 of them. Six tumor cell lines
also contained telomeric sequences. In contrast to that,
spcDNA of normal lymphocytes contains Alu and L1
sequences only in 3/16 cases and no telomeric sequences at
all. Our findings suggest a direct dependency of the amount
of Alu and L1 sequences on that of spcDNA. Beside these
repetitive sequences, sequencing of spcDNA revealed in

most cases chromosomal sequences of almost all chromo-
somes without an increased frequency of single regions. We
suggest that the whole spcDNA including retrotranspositional
elements and telomeric sequences may play a role for chromo-
somal rearrangements and genomic instability.

Introduction

The genome of the eukaryotes is comprised of chromosomal
DNA and extrachromosomal elements which are DNA
structures physically separated from the chromosomes. Small
polydispersed circular DNA (spcDNA) as one such group of
extrachromosomal elements is composed of heterogeneous
circles that range in size from hundreds to several tens of
kilobase pairs (1). The occurrence of spcDNA has been
described both in normal physiological courses like ageing
and in pathological processes associated with genomic
instability (1-9). Various mechanisms such as chromosomal
recombination and rearrangements as well as replication or
transposition events were suggested to be involved in the
generation and propagation of spcDNA (1). Indeed, such
DNA segments can be excised from the genome by intra-
chromosomal homologous recombination between members
of a repetitive sequence family. Cohen et al described a
DNA ligase IV-dependent pathway of satellite DNA circle
formation in the mouse genome (8).

We postulated the hypothesis that in the course of tumor
development, it comes to an activation of mobile genetic
elements, particularly of the LINE-1 (L1) family, and we
wondered if this process might be accompanied by the occur-
rence of spcDNA. Moreover, we were interested to learn as
to whether spcDNA can be regarded as a pool of fragmented
extrachromosomal L1 elements.

In the spcDNA of some human and rodent cell lines and
cancers there were double-stranded circular DNA molecules
detected that apparently contained only telomeric repeats
(tel-spcDNA) (4). However, to date there is no study that
investigated the occurrence of tel-spc in normal human lympho-
cytes of healthy probands in comparison to cancer cell lines.

With the help of neutral-neutral two-dimensional (2D) gel
electrophoresis we have analyzed a series of human cell lines
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of various origin (normal tissues and malignant tumors) as
well as lymphocytes of healthy probands for the presence
of spcDNA. Cloning and Southern hybridization were used
to investigate as to whether spcDNA contains L1 and Alu
elements.

Materials and methods

Normal lymphocytes and cell lines. Lymphocytic DNA of 16
healthy probands as well as DNA of 18 cell lines of various
origins were studied for the occurrence of spcDNA. The
investigated normal cell lines, MCF-10a, established from
mammary epithelial cells (10) and HOSE, derived from
ovarian epithelium (11), are both immortalized cell lines that
were nontumorigenic in nude mice.

DNA was extracted using standard protocols (12).
Descriptions, culture media and references of examined cell
lines are listed in Table I. The cell lines were grown as
monolayer supplemented with 10% fetal calf serum
(Biowhittaker, Heidelberg, Germany) in a 37˚C humidified
atmosphere with 3% CO2 (RPMI medium) and 5% CO2

(M199, DMEM medium), respectively.

Preparation of low molecular weight DNA. Low-molecular-
weight (LMW) DNA was prepared by digestion with Plasmid-
Safe™ ATP-dependent DNase (Biozym Diagnostik, Hess.
Oldendorf, Germany). At slightly alkine pH-value this enzyme
hydrolyzes predominantly linear double-stranded DNA and
with lower efficiency, linear and closed-circular single-
stranded DNAs into deoxynucleotides. However, it does not

hydrolyze closed circular supercoiled nor nicked circular
double-stranded DNAs. We digested 30 μg of each DNA
sample with 90 units Plasmid-Safe™ DNase according to the
instructions of the supplier (Biozym Diagnostik).

Neutral-neutral two-dimensional (2D) gel electrophoresis.
DNA was separated on neutral-neutral 2D gels according to
the procedure described by Brewer and Fangman (13) with
slight modifications. The first dimension was run in 0.4%
agarose (without EtBr) at low voltage (1 V/cm) in TAE buffer
for 22 h. Then the gel was rinsed in 1X TAE containing 0.3 μg/
ml EtBr. The lane of choice was cut out and placed
horizontally in a clean gel support. A new gel with the cut
out lane at the top was poured with 0.8% agarose containing
0.3 μg/ml EtBr. Rotated by 90 degrees to the direction of the
first electrophoresis run, the second dimension was run in 1X
TAE at 5 V/cm for 6 h.

Southern blotting. Southern blot analyses were carried out
using Hybond-N+ nylon membrane (Amersham Biosciences,
Freiburg, Germany) according to standard techniques.
Briefly, the gels were placed in denaturing buffer (0.5 M
NaOH + 1.5 M NaCl) for 30 min, then rinsed with destilled
water and transferred to neutralizing buffer (0.5 M Tris-HCl,
pH 7.0 + 1.5 M NaCl) for 30 min. The gels were soaked in
20X SSC transfer buffer (3 M NaCl + 0.3 M Na citrate) for
30 min. Blotting was done with a rapid downward transfer
system Turboblotter™ (Schleicher & Schüll, Dassel, Germany)
for 5 h. The transfer membrane was washed in 2X SSC for
5 min, dried and baked at 80˚C for 1 h.
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Table I. Cell lines.
–––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––
Cell lines name Catalog no. Description Reference Medium
–––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––
HOSE Ovarian surface epithelium Tsao et al, (11) M199/MCDB105 (1/1)
CAOV-3 HTB 75 Ovarian adenocarcinoma ATCC DMEM
ES-2 CRL-1978 Ovarian adenocarcinoma ATCC DMEM
OAW-42 Ovarian adenocarcinoma DKFZ, Heidelberg DMEM
OVCAR-3 HTB 161 Ovarian adenocarcinoma ATCC DMEM
SK-OV-3 HTB 77 Ovarian adenocarcinoma ATCC DMEM
MCF-10a CRL-10317 Breast epithelium (ductal) ATCC MEBM
MCF-7 HTB 22 Breast adenocarcinoma ATCC DMEM
CX-2 Colon adenocarcinoma DKFZ, Heidelberg RPMI
HRT-18 CCL-244 Colon adenocarcinoma ATCC RPMI
HT-29 HTB 38 Colon adenocarcinoma ATCC RPMI
HepG-2 HB 8065 Hepatocellular carcinoma ATCC DMEM
Huh-7 Hepatocellular carcinoma University, Hannover DMEM
SK-MEL-1 HTB 67 Malignant melanoma ATCC DMEM
U-2 OS HTB 96 Osteogenic sarcoma ATCC DMEM
SAOS-2 HTB-85 Osteogenic sarcoma ATCC RPMI
SK-LMS-1 HTB-88 Leiomyosarcoma ATCC RMPI
US 8-93 Undifferentiated sarcoma Pathology, Halle RPMI
–––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––
ATCC, American Type Culture Collection.
–––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––
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Hybridization with radiolabeled probes. Human Cot-1 DNA
(Roche, Mannheim, Germany) served as a probe for the
detection of total repetitive DNA molecules.

Human Alu-DNA probes were prepared by PCR generating
either a 200 bp, named Alu I (14) or a 127 bp fragment,
named Alu II (Acc.-No. EF372312; nucleotides 152-278).
Human L1-DNA probes were prepared by PCR generating a
437 bp fragment, named L1 I (Acc.-No. AF149422;
nucleotides 34-470), and a second human L1-DNA probe
was prepared by PCR generating a 110 bp fragment, named
L1 II (Acc.-No. NM_019072.3; nucleotides 2673-2782). All
used primer sequences are listed in Table II. PCR was
performed in a volume of 50 μl containing 50 ng of normal
human genomic DNA, 20 pmol of each primer, 200 μM of
each dNTP, 1X PCR buffer, 2.5 mM MgCl, and 2.5 U of
HotStarTaq DNA Polymerase (Qiagen, Hilden, Germany).
The cycle regime consisted of an initial denaturation step at
95˚C for 15 min, followed by 35 cycles of 30 sec at 95˚C,
30 sec at the appropriate primer annealing temperature, 90 sec
at 72˚C as well as a final extension step of 8 min at 72˚C using
a T3 Thermocycler (Biometra, Göttingen, Germany). The PCR
products were separated on a 1.5% agarose gel and stained
with EtBr, the corresponding bands were cut out, and the
DNA was isolated using the QIAquick gel extraction Kit (50)
(Qiagen). All probes were labeled with Redivue [·-32P]-dCTP
(Amersham) using the Redprime II Random Prime Labeling
System (Amersham) according to the manufacturer's
instructions. Prehybridization of the membranes was done
using the ExpressHybTM hybridization solution (BD
Biosciences Clontech, Heidelberg, Germany) at 65˚C for 1 h,
and hybridization was carried out at 60˚C (Cot-1 DNA) and
37˚C (Alu-DNA, L1-DNA), respectively, for 1 h.

As human telomeric DNA probe we used the sequence 5'-
TTAGGGTTAGGGTTAGGGTTAGGG-3' (TIB MOLBIOL,
Berlin, Germany). The DNA was labeled with Redivue [·-32P]-
dCTP (Amersham) using the terminal deoxynucleotidyl
transferase and the terminal transferase buffer (Amersham)
according to the manufacturer's instructions. The membranes
were prehybridized at 65˚C for 1 h, followed by hybridi-
zation at 37˚C for 1 h. All radiolabeled membranes were
exposed to a Fujifilm Imaging plate BAS-MS 2325 for 2 h.

Densitometric analysis. Images for computer quantification
were generated by the Phosphorimager Fuji FLA 3000 using
the AIDA 2.11 software. The signal intensity obtained from
the arc of linear DNA plus the arc of spcDNA is referred to as
signal intensity of the total DNA. We calculated the percentage
of the signal intensity of the spcDNA arc in relation to the
signal intensity of the total arc.

Isolation of spcDNA. The corresponding region was cut out
from the agarose gel and the exact extraction of the spcDNA
arc was subsequently confirmed by Southern blotting and
hybridization. SpcDNA isolation was performed using the
QIAquick gel extraction Kit (50) (Qiagen) as described
above.

Cloning and sequencing of spcDNA. A phenol/chloroform
purified spcDNA preparation containing ~20-25 ng DNA
was digested with Bgl II and after inactivation at 80˚C, the
DNA was digested with Klenow fragment according to the
instructions of the supplier (Fermentas, St. Leon-Rot,
Germany). Ligation was carried out either in the pJET1-Blunt
vector (Fermentas) at room temperature for 5-30 min, or in
the pCR-Blunt vector (Invitrogen, Karlsruhe, Germany) at
16˚C for 1 h, using a T4 ligase under the conditions recom-
mended by the supplier (GeneJET PCR Cloning Kit,
Fermentas, and Zero Blunt PCR Cloning Kit, Invitrogen,
respectively). The ligated DNA preparation was used to
transform competent cells of Escherichia coli (TOP10).
Transformed cells were selected for ampicillin and kanamycin
resistance, respectively, and screened with X-gal and IPTG
(Fermentas) for white colonies.

DNA of relevant clones was isolated with QIAprep
Miniprep-Kit (Qiagen), purified and finally sequenced using
BigDye Terminator v1.1 Cycle Sequencing Kit (Applied
Biosystems, Darmstadt, Germany) on an ABI 370 automatic
sequencer (Applied Biosystems).

Results

Identification of spcDNA. With the help of the above
described electrophoretic separation technique two arcs were
constantly detected: one very prominent arc represents the
linear double-stranded DNA molecules, whereas the second
arc was that of the relaxed spcDNA circles. Fig. 1 shows
examples of Southern hybridization results obtained from the
analyses of LMW-DNA of a healthy proband (Fig. 1A), and
a cell line from a tumor tissue (Fig. 1B). We were able to
detect spcDNA in the LMW-DNA of all 16 healthy probands
as well as in the LMW-DNA of all 18 cell lines (Fig. 2). To
get a quantitative value of the amount of spcDNA both arcs
(linear and spcDNA) were quantified (using a Phosphoimager)
and the amount of the spcDNA arc was expressed as a fraction
of the sum of the intensities of the two arcs. It is evident that
normal lymphocytes contain very low amounts of spcDNA
and that the variability between the 16 individuals is small
(ranging from 2.8 to 8.9% with an average of 5.4%, Fig. 2).
This is in contrast to the tumor cell lines which contain much
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Table II. Primer sequences.
–––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––
Primer name PCR product size Primer sequence (forward) Primer sequence (reverse)
–––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––

Alu I 200 bp fragment 5'-GCCTGTAATCCCAGCACTTT-3' 5'-GATCTCGGCTCACTGCAAC-3'

Alu II 127 bp fragment 5'-GACCATCCCGGCTAAAACG-3' 5'-CGGGTTCACGCCATTCTC-3'

L1 I 437 bp fragment 5'-CTCCGGTCTACAGCTCCCAGCG-3' 5'-ACCTAAGCAAGCCTGGGCAATG-3'

L1 II 110 bp fragment 5'-AGGTTGACAGCAGACTTATC-3' 5'-GCTGGATATAGGATTCTAGG-3'
–––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––
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more spcDNA (on average 17.8%) with a remarkable degree
of variability (ranging from 9.5 up to 28.7%). In between
there are the two cell lines of normal human tissue (MCF10a
from normal breast epithelium and HOSE from normal ovarian
surface epithelium) with 5.8 and 9.1%, respectively.

Detection of Alu, L1 and telomeric elements within the
spcDNA. Southern blots were carried out with radiolabeled
Alu, L1 and telomeric probes, respectively. We applied two
non-overlapping Alu and L1 probes at a time to also detect
fragmented Alu or L1 elements. The results are given in
Table III. Fig. 3 shows examples of the Southern hybridi-

zation results using DNA probes for Cot-1 (Fig. 3A), Alu
(Fig. 3B), L1 (Fig. 3C), and telomeric sequences (Fig. 3D) on
identical membranes of the ovarian adenocarcinoma cell line
SKOV-3.

Except for the cell lines OAW-42, HepG-2, Huh-7, and
SAOS-2 we found Alu sequences in the spcDNA of all the
malignant tumor cell lines using the 200 bp Alu fragment
(Alu I) and/or the 127 bp Alu fragment (Alu II) as a probe
(Table III). Of the lymphocyte spcDNA of the 16 healthy
probands only three were very weakly positive for Alu I
and/or Alu II (Table III). In addition to their predominant
absence in normal lymphocytes, Alu sequences were not
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Figure 1. spcDNA of a healthy proband and a malignant cell line. LMW DNA of a healthy proband (A) and the osteogenic sarcoma cell line U-2 OS (B) were
separated on a 2D gel. The gels were blotted and hybridized to a Cot-1 DNA probe. The very prominent arcs represent the linear double-stranded DNA
molecules. The upper arcs represent relaxed circular molecules which were detected in all samples (solid arrows). The arcs below the linear DNA were
identified as linear single-stranded DNA which arises by the preparation and is not cell specific (broken arrows).

Figure 2. Distribution of spcDNA arc intensities in LMW DNA of lymphocytes of 16 healthy probands, two cell lines of normal tissues, and 16 cancer cell
lines.
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found in the cell lines from normal epithelial cells either
(Table III).

With the help of the probes of a 437 bp L1 fragment (L1 I)
and/or a 110 bp L1 fragment (L1 II) all tumor cell lines but
HepG-2, as well as the ovarian epithelium cell line HOSE
revealed L1 sequences in their spcDNA (Table III). The
same three cases of lymphocyte spcDNA that were positive
for Alu-sequences showed very weak signals for the L1 probes
I and/or II as well (Table III).

Telomeric sequences were not detected in normal
lymphocytes or in the two normal tissue cell lines (MCF-10a
and HOSE). However, six out of sixteen studied cancer cell
lines contained telomeric sequences (Table III).

Cloning and sequencing of spcDNA. To answer the question
after the presence of sequences other than those identified by
Southern hybridization we isolated and cloned spcDNA, and
sequenced 205 of the corresponding clones. The sequencing
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Table III. Southern hybridization results with the probes for Alu, L1 and telomeric elements.
–––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––

Hybridization signal using sequences of
–––––––––––––––––––––––––––––––––––––––––––––––––––––

Case/cell line Tissue origin Alu I Alu II L1 I L1 II Tel
–––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––
Proband A Human lymphocytes (+) (+)
Proband B Human lymphocytes
Proband C Human lymphocytes
Proband D Human lymphocytes
Proband E Human lymphocytes (+) (+) (+) (+)
Proband F Human lymphocytes (+) (+) (+) (+)
Proband G Human lymphocytes
Proband H Human lymphocytes
Proband I Human lymphocytes
Proband J Human lymphocytes
Proband K Human lymphocytes
Proband L Human lymphocytes
Proband M Human lymphocytes
Proband N Human lymphocytes
Proband O Human lymphocytes
Proband P Human lymphocytes
HOSE Ovarian epithelium +
CAOV-3 Ovarian adenocarcinoma + + + +
ES-2 Ovarian carcinoma + + +
OAW-42 Ovarian adenocarcinoma +
OVCAR-3 Ovarian adenocarcinoma + + + +
SKOV-3 Ovarian adenocarcinoma + + + + +
MCF-10a Breast epithelium (ductal)
MCF-7 Breast adenocarcinoma + + + +
CX-2 Colon adenocarcinoma + + + +
HRT-18 Colon adenocarcinoma + + + +
HT-29 Colon adenocarcinoma + +
HepG-2 Hepatocellular carcinoma
Huh-7 Hepatocellular carcinoma + +
SK-MEL-1 Malignant melanoma + + + +
U-2 OS Osteogenic sarcoma + + + + +
SAOS-2 Osteogenic sarcoma + + +
SK-LMS-1 Leiomyosarcoma + + + + +
US 8-93 Undifferentiated sarcoma + + + + +
–––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––
The cases with detectable Alu, L1 or telomeric sequences are marked with +. In the spcDNA of three probands we could detect a very weak
positive signal of Alu and L1 sequences, marked with (+).
–––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––
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results revealed chromosomal sequences of almost all
chromosomes, mostly from non-coding regions, but also a
strong homology to two hypothetical proteins (hypothetical
protein LOC745 on chromosome 11, LOC284434 on chromo-
some 19). One clone contained Alu sequences of the Alu-FLA,
the Alu-J and the Alu-Sx elements.

Discussion

The neutral-neutral two-dimensional (2D) gel electrophoresis
is a very useful tool for the identification and characterization
of circular DNA molecules. By this technique, DNA mole-
cules are separated both according to their size and their
structure. Therefore, a population of molecules that are of
the same structure, but of heterogeneous molecular mass,
generates a continuous arc (1,15). The structural identity of
the DNA in each arc can be determined by electron micro-
scopy (15) and verified by molecular techniques (6,7,15,16).

With the help of this electrophoretic separation technique
we analysed a series of normal and tumor cell lines as well as
normal uncultured human lymphocytes from healthy donors
for their spcDNA contents to study the differences and
common features of spcDNA in these systems. Furthermore,
we focussed our detailed analysis of spcDNA on the highly
repetitive Alu (small interspersed repetitive) and LINE-1
(large interspersed repetitive, also L1) elements as well as
telomeric sequences to characterize them in their occurrence
and frequency.

SpcDNA has been detected at an elevated level in
genomically instable systems in contrast to stable systems of
normal tissues. Those analyses were performed with DNA of
patients with genetic diseases, for example Fanconi's anemia,
in comparison with DNA of normal skin fibroblasts (1,3).
Other reports have shown that the elevated amount of
spcDNA was apparently connected with increased aging
(17,18) and with transformation of cells (1,4,15). Until now
there is only one report that directly compares the spcDNA
of normal skin fibroblasts with those of a colon carcinoma
tissue and of the tumor cell line HeLa. However, spcDNA
was not generally detectable in skin fibroblasts of this
investigation (1).

In our studies, LMW DNA of healthy probands showed
in all cases the occurrence of spcDNA, if at low level. These
findings support the assumption that formation of spcDNA
represents a normal physiological process in higher organisms
(6,9,19). For a long time it was thought that the eukaryote
genome was relatively constant as a consequence of the highly
regulated and ordered transmission of genetic information
from generation to generation (2). However, it is now well
known that genomes of eukaryotes are much more dynamic.
The formation of extrachromosomal elements such as
spcDNA makes it possible to respond efficiently to selective
environmental influences or altering requirements during the
life cycle of an organism (1).

In accordance to the above mentioned findings, we
detected considerably more spcDNA in our tumor cell lines
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Figure 3. Southern hybridization results using probes of Cot-1, Alu, L1 and telomeric sequences. 2D gel electrophoresis, blotting of the gels and Southern
hybridization of the membranes with LMW DNA from the ovarian adenocarcinoma cell line SKOV-3 using the Cot-1 probe (A), Alu probe (B), L1 probe (C)
and telomeric probe (D). The solid arrows show the spcDNA. The broken arrows mark a region where the mitochondrial DNA is located in a 2D gel. The
typical pattern of mitochondrial DNA can be easily distinguished from the linear DNA and from the arcs of the circular smaller molecules. It consists of a
linear band and a non-linear smear representing the large circular structures (data not shown).
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(a >3-fold higher amount) than in lymphocytes of healthy
probands, and with a remarkable degree of variability.

Although the spcDNA situation in the two normal cell
lines seems to be comparable to that of the lymphocytes, the
corresponding arc intensity of HOSE was found to be
somewhat higher than that of MCF-10a, even comparable to
the tumor cell line with the lowest degree of spcDNA
(OAW-42). This suggests that the spcDNA amount may not
be fixed, but may rather fluctuate, especially in the genomic
instable tumor cell lines.

Cloning and Southern hybridization of spcDNA fragments
or total spcDNA have shown that there is a widely variable
presence of repetitive sequences including satellite DNA,
short interspersed and long interspersed repeat families,
retrovirus-like elements, transposable elements, low copy,
and single copy chromosomal sequences (2). Detection of
Alu and L1 elements has been reported in analyses of
spcDNA of rodent genomes [Chinese hamster (20), mouse
(21-25)] and monkey genomes (26-28). But also in the
human genome these sequences were identified, for example
in human fibroblasts (29), and even more so in the human
HeLa tumor cell line (2,30-32).

Alu and LINE sequences can be found in all genomic
regions (33). They are the only active retrotransposons within
the human genome, and it is assumed that the activation of
retrotransposons and tumorigenesis are strictly connected
(34). With our observation that an elevated level of spcDNA
is associated with an increased level of Alu and/or L1
sequences in the spcDNA, one may suppose an indication of
a mode of increasing retrotranspositional activity. Thus,
spcDNA may indeed be regarded as a pool of fragmented
extrachromosomal elements especially including L1.

Furthermore, previous reports have shown the presence of
circular telomeric structures in different organisms under
both normal and pathological circumstances (4,7,9,35-37).
Regev et al (4) found telomeric sequences in the spcDNA of
human cells, especially in human colon carcinoma tissue and
human hepatoma cell line, but not in the spcDNA of human
breast carcinoma tissue and HeLa tumor cell line. However,
for the first time we could show that in contrast to some
cancer cell lines, normal lymphocytes of healthy probands do
not seem to contain tel-spc at all.

To maintain telomere length, in most cases the telomerase
is activated, which adds de novo telomeric repeats onto
chromosomal termini (38). But also telomere elongation
through telomerase-independent mechanisms have been
described (36,39). Those alternative lengthening of telomeres
(ALT), mediated through homologous recombination is often
accompanied by a generation of extrachromosomal telomeric
circles (t-circles) (40,41,42) which can serve as a reservoir
for telomeric-repeat maintenance (37).

Previous studies have shown that the ALT mechanism is
used more frequently in tumors of mesenchymal origin than
in those derived from the epithelium (41). All sarcoma cell
lines investigated in this study carried tel-spcDNA. This
finding could refer to the ALT mechanism of telomere
lengthening as it has been described for cell line SAOS-2
(43,44). The significance of telomeric circles remains unclear,
but it is suggested that they are actively involved in telomere
dynamics and in genomic instability (4,36,40). Tel-spcDNA

may have a potential role as mutator in genomic instability
(4). However, findings of others and our results suggest that
not only telomere, but the whole spcDNA including retro-
transpositional elements may play a role for chromosomal
rearrangements and genomic instability that occur both in
normal physiological and pathological processes.

It has already been shown that cloned spcDNA fragments
can share homologies with chromosomal DNA sequences,
containing both repetitive sequences and unique chromo-
somal sequences (2). Our cloning and sequencing results of
spcDNA revealed in most cases chromosomal sequences of
almost all chromosomes, but we could not observe an
increased frequency of any single region. One clone contained
different elements of the repetitive Alu sequence family, i.e.,
Alu-FLA, Alu-J and Alu-Sx elements.

To date, predominantly repetitive sequences were reported
in the formation of spcDNA (45). Detection and characteri-
zations of single or low copy chromosomal sequences were
rare. Only one report exists on spcDNA comprising a partial
region from the PIP gene, a gene which is expressed in
primary breast carcinoma (5). The function of the two
hypothetical proteins LOC745 and LOC284434 to which we
detected a strong homology is unknown yet. LOC284434
has also been named as NACHT and WD repeat domain
containing 1 protein. The group of Lengauer reported a relation
between chromosome instability and mutations in another
WD repeat-containing protein, CDC4, in colorectal cancer
(46). Further investigations, especially of the non-repetitive
sequences in the spcDNA, could unravel the significance of
those circular DNA structures as a reservoir and/or the starting
point for gene amplification and chromosome instability in
cancer development and progression.

In summary, spcDNA occurs both in lymphocytes of
healthy probands and in tumor cell lines. However, it is the
quantity and, to some extent, the sequence composition that
differs. So, the amount of spcDNA in tumor cell lines can be
more than 3-fold higher than in lymphocytes of healthy
probands. Since we could furthermore detect repetitive
sequences including Alu, L1 and telomeric elements in
spcDNA by Southern hybridization we suggest that an
increased amount of spcDNA can be associated with genomic
instability occurring during tumorigenesis.
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