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Bleomycin (BLM) is a radiomimetic antitumoral
agent inducing both single- (SSB) and double-strand
(DSB) breaks of DNA through abstraction of the deox-
yribose C4'-H [1, 2]. According to the data of Benitez-L.
Bribiesca and P. Sanchez-Suarez [3], BLM treatment
produced a moderate increase of SSB preliminary at
lower concentration and a striking increase of DSB at
higher concentration in normal human lymphocytes that
coincided with the presence of apoptosis and DNA lad-
ders. The DNA and telomeres damage induction by
BLM in human blood cells by Comet-FISH assay was
investigated previously in our work [4].

The attempts to lower the toxicity of BLM were per-
formed. Amifostine (WR-2721) appeared to selectively
protect healthy leukocytes from action of BLM [2].

Anticancer drug cisplatin, cis-diaminodichloroplati-
num (cis-DDP) was used as radiation dose-modifying
agent. It was revealed that cis-DDP can inhibit recovery
from radiation damage at doses completely non-toxic to
normal tissues and permits to achieve high radiosensiti-

zation of cells in antitumor treatment [5]. The modifying
effect of cis-DDP can be due to its inducing predomi-
nately DNA-DNA intrastrand crosslinks [6].

Combined treatment of BLM and cis-DDP is ap-
plied in clinical practice.

The results of our previous study indicated that the
Comet-assay with the application of UV-C was a sen-
sitive approach for the detection of DNA crosslinks gen-
erated by cis-DDP, which efficiently decreased the lev-
els of UV-C induced DNA fragmentation [7]. Different
concentrations of cis-DDP were applied to estimate the
rate of crosslink formation.

In the present investigation the comparative estima-
tion of separate and combined treatment by BLM and
cis-DDP was realized on the base of earlier obtained
results with BLM [4]. We studied not only the total DNA
damage but also the telomere involvement, and relation
of the level of telomere specific damage to the total DNA
damage. The results of D. Suh et al. [8] imply that the
stability of human telomere sequence is important in
conjunction with the cancer treatment and aging pro-
cess. The loss of telomeres may lead to the destabiliza-
tion of the genome. Thus, the investigation of telomeres
damage induction by anticancer drugs can be impotant
for elaboration of different treatment approaches.

In our study the total DNA damage formation was
estimated by the Comet assay (single cell gel electro-
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phoresis) and the telomere damage was quantitatively
detected by combination of the Comet-assay and the
fluorescence in situ hybridization (FISH), termed Com-
et-FISH [9–11]. Telomers located outside the former
cell nucleus are regarded as damaged, since the size
of the chromatin is reduced to such an extent that DNA
migration is enabled. The quantification of the telomer-
es was achieved by counting telomere signals located
in the head and tail area.

MATERIALS AND METHODS

Human blood was obtained from 2 healthy female
non-smoker volunteers 22 and 25 years old. Blood was
treated for 1 h by BLM (Hexal AG, Germany) at 37 °C,
in at least three final concentrations. BLM concentra-
tions were chosen according to literature data in order
to result in a dose response curve with minimal cyto-
toxic effects [2].

Comet-assay. The Comet assay was performed
in its alkaline version following the protocol of P. Singh
et al. [12] and R. Tice et al. [13]. In short, 90 µl of cell/
agarose suspension (containing 8 µl of whole blood with
0.9% low melting point agarose, Type VII, Sigma-Ald-
rich) were distributed onto frosted microscope slides
(Labcraft, London, UK) precoated with ground layer
agarose (Type II, Sigma-Aldrich): 1.0% normal melting
point agarose in PBS (100 mM phosphate) and 400 µl
of middle layer agarose: 1.0% normal melting point
agarose in PBS (100 mM phosphate). After the agar-
ose solidified, slides were immersed in cold lysis solu-
tion (10 mM Tris-(hydroxymethyl)-aminomethane,
pH 7.5).100 mM Na2EDTA, 2.5 M NaCl,1% Triton
X-100, pH 10) for at least 60 min at 4 °C. The slides
were placed in an electrophoresis chamber containing
alkaline buffer (1 mM Na2EDTA, 300 mM NaOH, 4 C,
pH 13) for DNA unwinding. After 20 min, the current
was switched on, and electrophoresis was carried out
at 1.25 V/cm, 300 mA for 25 min. The slides were re-
moved from the electrophoresis chamber and washed
once for 10 min with neutralization buffer (0.4 M Tris-
HCl, pH 7.5; 0.08 M Tris–Base, pH 7.2). The slides
were stained with SYBR-Green (diluted 1 µl/ml and
30 µl/slide). All of the steps of the Comet assay were
conducted under dim light. The experiments were re-
produced independently at least two times.

Global DNA damage was microscopically quanti-
fied using a Zeiss Axioplan microscope, equipped with
an HBO 50 and appropriate filter sets for FITC detec-
tion (Zeiss, No. 9). Images were recorded using a in-
tensified video camera (Variocam, PCO, Germany) and
were captured to a PC running the Komet 4 software
package. (Kineticimaging, UK).

Comet-FISH. For Comet-FISH the slides were pre-
pared as described above, but the staining was omitted
[14]. Before hybridization the gels were stored for at least
3 days in absolute ethanol at 4 °C for dehydration. The
gels were rehydrated in H2O for 15 min and subsequently
the DNA was denatured by incubation in 0.5 M NaOH
for 25 min. The denatured DNA was immediately dehy-
drated in an ethanol series (75, 80 and 95%, 5 min each)
and the gels were carefully air dried until all ethanol was
evaporated. PNA probes (Telomere PNA FISH Kit/Cy3;
DakoCytomation, Denmark) were used accordingly to
the instructions of the manufacturer, but since thermal
co-denaturation is not possible with the agarose gels
the hybridization probe was prewarmed to approximately
80 °C and 10 µl were applied to an area of approximate-
ly 20 x 20 mm. The gels were sealed with a plastic cov-
erslip and the slides were placed in a humidified cham-
ber at 37 °C overnight. The next day the slides were
placed at room temperature for 30 min before they were
placed in 1x rinse solution supplied with the kit, in order
to facilitate the removal of the plastic slides. Then the
slides were transferred for 2.5 min in a staining char with
prewarmed wash solution at 65 °C, without agitation.
Then the slides were quenched in cold 1 x PBD. For
counter staining the slides were embedded in diluted
SYBR Green (Mobitec, Go

..
ttingen) including 50% anti-

fade. The number of telomere signals and localization of
the signals (comet head or comet tail) were additionally
recorded for each cell. Cell numbers scored for Comet
FISH ranged from 50 to 100 cells per slide.

RESULTS

Dose dependent induction of DNA damage by
BLM treatment with and without cis-DDP. To analy-
sis the effects of the BLM and cis-DDP treatment re-
peated measurements of the total DNA in tail as well
as the percentage of telomeres in tail have been quan-
tified. The experimental details as well as the measure-
ments values are listed in a Table. The “dose-effects”
response for total DNA and telomeres damage induced
by BLM in the human blood cells presented in Table
was obtained earlier in our work [4].

For a statistical analysis the experiments were per-
formed in duplicate (BLM+ cis-DDP treatment) or tripli-
cate (BLM treatment alone). For the detection of the to-
tal DNA damage 40 comets were analysed per slide and
the mean of medians was calculated for the percentage
of DNA in comet’s tail and for the L/H (length to height)
ratio. The Comet-FISH specimens were imaged simul-
taneously and 50 (30) comets with the highest number
of hybridisation signals were selected for further analy-
sis from the abovementioned explicative experiments.

Table. Overview of the measurements for BLM induced total and telomere associated DNA damage with and without cis-DDP 

BLM (IU/ml) 
Treatment 

Control 12.5 25 100 Control 12.5 25 100 

Cis-Pt 3 x 10-4 M     + + + + 
Comet-assay (N cells) 120 120 120 120 80 80 80 80 
Mean [% DNA in Tail] ± SE 7.5 ± 0.2 24.4 ± 0.3 37.6 ± 0.3 38.2 ± 0.3 4.8 ± 0.4 12.1 ± 0.2 14.6 ± 0.2 42.4 ± 0.2 
Mean [L/H] ± SE 0.6 ± 0.01 1.8 ± 0.01 2.5 ± 0.01 3.0 ± 0.01 0.6 ± 0.01 0.7 ± 0.01 1.1 ± 0.01 2.8 ± 0.01 
Comet-FISH (N cells) 50 50 50 50 30 30 30 30 
Mean [% hybridisations per comet] ± SE 16 ± 0.7 21 ± 1.4 22 ± 1.5 21 ± 0.7 10 ± 0.5 18 ± 1.3 14 ± 0.9 23 ± 2.2 
Mean [% hybridisations in tail] ± SE 17.8 ± 0.8 41.1 ± 0.5 49.5 ± 1.1 52.1± 2.7 13.5 ± 2.3 19.2 ± 1.3 28.1 ± 1.3 43.8 ± 1.6 
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As it was earlier reported [4] in cells exposed only to
BLM a dose dependent increase of the total DNA frag-
mentation and the number of telomeres in the tail was ob-
served up to a BLM concentration of 25 IU/ml (Fig. 1, a). As
can be seen from the presented data, the highest concen-
tration of BLM does not lead to the significant further in-
crease of the DNA fragmentation and telomeres found in
the tail. The total dose relationship for both parameters in-
vestigated can be fitted by an exponential rise function.

The percentage of telomeres in tail exceeds the
percentage of total DNA found in the comet’s tail in all
examined concentrations.

The use of cis-DDP (3 x 10-4 M) in combination with
BLM can significantly reduce the migration of DNA at
the lower BLM doses (compare Fig. 1, b, to Fig. 1, a).
The cis-DDP in combination with the highest BLM dose
(100 IU/ml) does not show any significant effect in re-
ducing DNA detected damage, suggesting the previ-
ously mentioned underlying cytotoxic processes
((38.2 ± 0.3)% vs. (42.4 ± 0.2)%).

In combination with cis-DDP the frequency of te-
lomeres found in the tail was nearly bisected for BLM

concentrations up to 25 IU/ml. This effect was also re-
duced at higher BLM concentrations to no significant
differences in the fragmentation rates of the telomeres
((52.1 ± 2.7)% vs. (43.8 ± 1.6)%).

Fig. 1, c–e, shows sample images of Comet-FISH spec-
imens of control cells with nearly all hybridisation signals in
the head, a moderate damages cell with multiple signals in
the tail as well as a comet after the combined treatment
showing reduced DNA migration due to the crosslinking
effect of the cis-DDP with only a few telomeres in the tail.

To quantify the total DNA damage not only the per-
centage of DNA in the tail was measured, but also the
length to height ratio was computed. This value has a
direct correlation to the classification used in [7].

Total DNA damage induced by BLM compared
to telomere associated damage with or without the
action of cis-DDP. The comparison of the percentage
of the total DNA in tail with the percentage of telomeres
in tail is shown in Fig. 2. The x-axis gives the detected
total DNA damages expressed as mean percentage of
DNA in tail. The plotted values on the y-axis represent
the mean percentages of telomeres found in tail for each
individual concentration. Black circles represent the BLM
treatment alone, where in contrast the white circles rep-
resent the combinated treatment of BLM with cis-DDP.

BLM alone reveals a nearly linear correlation be-
tween the total DNA damage and the telomere associ-
ated damages (fitted slope with b = 1.07). The frequency
of telomeres in tail nearly always exceeds the frequen-
cy of total DNA in tail.

The use of cis-DDP in combination with the BLM
reduces the total DNA migration in the Comet-assay.
Similarly the frequency of telomeres found in the tail is
reduced (compare Fig. 1, a, and b). The strongest ef-
fect is found for 12.5 IU/ml BLM, where total DNA dam-
age is reduced from (24.4 ± 0.3)% to (12.1 ± 0.2)% in
the tail, and the percentage of telomeres in the tail is
reduced from (41.1 ± 0.5) to (19.2 ± 1.3)% in the tail
after the application of cis-DDP (see Table).

A direct comparison of the mean values of the overall
DNA damage (expressed as the DNA in tail) with the per-
centage of telomers in tail reveals that in control cells a
17% of the telomeres are located outside of the head (see
Fig. 2). In contrast, only 7% of the total DNA is found in
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Fig. 2. Direct comparison of total DNA damage versus telomere
specific damage. The filled circles represent the mean values of
BLM treated samples, whereas the open circles show the mean
values for the BLM + cis-DDP treated samples

Fig. 1. (a) The total DNA damage and the location of telomeres
in the tail after BLM treatment. (b) Effects of combined cis-DDP
and BLM treatment on the total DNA damage and the location of
telomeres in the tail. (c–e) Sample images of Comet-FISH spec-
imens after hybridization of telomere PNA probes. (c) Control
sells. (d) 25 IU BLM treated cells and (e) 25 IU BLM + cis-DDP
treated cells
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the comet’s tail. This hints to a general increased frangi-
bility of the telomeric regions. By comparing the slopes of
the linear regressions of the BLM and the BLM-cis-DDP
treatment a slope of 1.07 was found for the BLM treat-
ment alone, which indicates that the telomeres are of the
same sensitivity as the average DNA. In contrast the treat-
ment with the combination of BLM and cis-DDP results in
a slope smaller than 1 (b = 0.77) and hints to an enhanced
cross-linking effect on the telomere sequences.

DISCUSSION

In the present investigation the Comet-FISH ap-
proach permitted us to reveal the induction of DNA
breaks with BLM and its modification due to platinum-
crosslink formation, using telomeric PNA probes. PNA
probes were used to detect telomeric DNA repeat se-
quences in the Comet-assay. By comparing the corre-
lation of total DNA and number of telomeric signals in
the comet tail, as a most interesting fact, it could be
stated that DNA fragments close to telomeres are found
in about the double percentage than are fragments of
the total DNA. This is in agreement with the assump-
tion that subtelomeric regions are highly accessible to
chromosomal changes.

Therefore a first interpretation of the data leads to
the conclusion that telomeric repeats are more fragile
compared to the total DNA. But for the interpretation of
the data a second fact has to be taken into account:
the values for the percentage of telomeres in tail are a
pure quantification of the signals found outside of the
comets head, as defined by the intensity profile. With a
closer look at the specimens two subpopulations of te-
lomeres located in the comet’s tail become visible: first
the majority of the telomeres can be found only little
located outside of the head-area where in contrast a
second fraction of signals can be found distributed all
over the comet’s tail and also at the most distant end of
the tail (compare Fig. 1, c and d).

The first group of signals can be found especially in
cells exposed to BLM at low concentrations, where in
contrast the second group is increasing with increas-
ing dose. Taking into account that the Comet-assay
has a limited resolution of approximately 10–100 kbp
using the standard conditions [14] for real DNA frag-
ments and that a part of the DNA located in the tail is
composed of so called loops [15, 16], this result can be
interpreted in a different way. The telomere signals lo-
cated closely to the comet’s head are probably not
caused by localized DNA fragmentation, but represent
undamaged telomeres and subtelomeric repeats, which
are located outside of the head due to electrostretch-
ing effects. Since it is known that telomeres are closely
attached to the nuclear membrane [9, 17], the signals
located shortly outside of the head can be attributed to
this location. In contrast signals found in the distance
from the comets head can be assigned to a real frag-
mentation of the telomeric or subtelomeric repeats. The
resolution limit of the Comet-assay, however, may not
be neglected in this context: as fragments smaller than
10 kb may be missed by this technique [14], thus breaks
within the telomeric repeats are not reliably detected.

Taken together the detected fragility of the telomeres,
which appears to be higher compared to the total DNA,
has to be corrected, since only the fraction of telomer-
es which are distant from the head to tail border can be
counted as broken.

Additionally one has to keep in mind that the telom-
eres need only one break (within approx. 100 kbp) to
generate a fragment, which is able to migrate in the
electric field, where in contrast an intrachromosomal
fragment needs two hits to form a fragment that is able
to migrate outside of the nucleus.

It has to be mentioned, that in the cells treated with
cis-DDP alone the percentage of telomeres in tail re-
duced from 17.8 in untreated variants to 13.5 probably
due to crosslinks formation.

The combined treatment with BLM and cis-DDP
changed the results. The percentage of hybridizations
in comet tails decreased dose-dependently as did the
length of the comet tails, especially at low doses of BLM.

Because cis-DDP predominantly induces DNA-DNA
intrastrand cross-links, its effect probably can be mostly
due to an increase of the size of fragments when they
are present in sites of potential breaks [18]. For the
cross-linking effect the above mentioned structure of
the telomeres is not important. Therefore a preferen-
tially telomeric action of the cis-DDP can be conclud-
ed. Also, this finding clearly documents that the migra-
tion of BLM-induced telomere-bearing DNA in the com-
et tail is due to actual fragmentation of the DNA strand.

According to our results — the higher the cross-link-
ing effect is the shorter the tails are and the lower is the
quantity of telomeres in the comet tails. The reason of
this is that the cross-link effect that is more effective at
lower BLM concentrations. The presented Comet-FISH
approach with telomere PNA permits direct and precise
detection of the telomere migration from the former cell
nucleus to the comet tail in cells treated with cytostatics,
with a direct correlation to the overall DNA fragmenta-
tion. That can be important for monitoring the applica-
tion of these clinical relevant cytostatics during therapy,
especially in combinatory approaches, where more than
one substance is used at a time. Additionally the results
give a detailed insight in the breakage sensitivity of te-
lomeres and subtelomere repeats, which are of great
importance for aging and for malignant transformation.
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ÈÇÓ×ÅÍÈÅ ÐÅÇÈÑÒÅÍÒÍÎÑÒÈ ÒÅËÎÌÅÐ ÌÅÒÎÄÎÌ COMET-FISH
Â ËÅÉÊÎÖÈÒÀÕ ×ÅËÎÂÅÊÀ ÏÐÈ ÊÎÌÁÈÍÈÐÎÂÀÍÍÎÌ

ÄÅÉÑÒÂÈÈ ÖÈÑÏËÀÒÈÍÀ È ÁËÅÎÌÈÖÈÍÀ

Öåëüþ íàñòîÿùåãî èññëåäîâàíèÿ áûëî ñðàâíèòåëüíîå èçó÷åíèå äåéñòâèÿ øèðîêî ïðèìåíÿåìûõ ïðîòèâîîïóõîëå-
âûõ ïðåïàðàòîâ öèñïëàòèíà (öèñ-ÄÄÏ) è áëåîìèöèíà (ÁËÌ) íà âñþ ÄÍÊ â öåëîì è íà åå òåëîìåðíûå ó÷àñòêè
â ëåéêîöèòàõ ÷åëîâåêà. Áûëà ïðèìåíåíà òåõíèêà Comet-FISH — ãåëü-ýëåêòðîôîðåç åäèíè÷íûõ êëåòîê (ìåòîä
ÄÍÊ-êîìåò) â ñî÷åòàíèè ñ ôëþîðåñöåíòíîé ãèáðèäèçàöèåé in situ. Íîâûé êîìáèíèðîâàííûé ïîäõîä ïîçâîëÿåò
îöåíèâàòü íà îäíîì è òîì æå ïðåïàðàòå êàê ïîâðåæäåíèÿ îòäåëüíûõ êëåòîê ÄÍÊ, òàê è åå ñïåöèôè÷åñêèõ
ó÷àñòêîâ. Ñïåöèôè÷íûå äëÿ òåëîìåð PNA-ïðîáû (ïðîòåèí-íóêëåèíîâàÿ êèñëîòà) áûëè èñïîëüçîâàíû äëÿ ëîêà-
ëèçàöèè òåëîìåð â «ãîëîâå», à òàêæå èõ ìèãðàöèè â «õâîñò» êîìåòû. Ïîëó÷åííûå ðåçóëüòàòû ñâèäåòåëüñòâóþò
î òîì, ÷òî â êîíòðîëüíûõ âàðèàíòàõ, çà ñ÷åò ìåòàáîëè÷åñêèõ ïðîöåññîâ ÄÍÊ è òåõíè÷åñêèõ óñëîâèé ýêñïåðè-
ìåíòà, ïðèìåðíî 7% ÄÍÊ è 17% òåëîìåð îáíàðóæèâàþòñÿ â õâîñòå. Â êëåòêàõ, îáðàáîòàííûõ òîëüêî ÁËÌ,
òåëîìåðû ìèãðèðóþò â õâîñò ñ òîé æå âåðîÿòíîñòüþ, ÷òî è âñÿ ÄÍÊ. Ïðè ñîâìåñòíîì äåéñòâèå öèñ-ÄÄÏ ñ ÁËÌ
çà ñ÷åò îáðàçîâàíèÿ ñøèâîê ìèãðàöèÿ òåëîìåð, èíäóöèðîâàííàÿ ÁËÌ, çàäåðæèâàåòñÿ áîëüøå, ÷åì ìèãðàöèÿ
îáùåé ÄÍÊ. Òàêèì îáðàçîì, ìîæíî çàêëþ÷èòü, ÷òî öèñ-ÄÄÏ áîëåå àêòèâíî äåéñòâóåò íà òåëîìåðíûå ó÷àñòêè.
Òåõíèêà Comet-FISH ñ ïðèìåíåíèåì òåëîìåðíûõ PNA-ïðîá ïîçâîëèëà îöåíèòü èíäóêöèþ ÁËÌ ðàçðûâîâ ÄÍÊ
è èõ ìîäèôèêàöèþ çà ñ÷åò ôîðìèðîâàíèÿ ñøèâîê öèñ-ÄÄÏ.
Êëþ÷åâûå ñëîâà: Comet-FISH, òåëîìåðû, áëåîìèöèí, öèñïëàòèí, ëåéêîöèòû êðîâè ÷åëîâåêà.
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