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Fractionation of DNA isolated from lymphocytes of patients under
therapy with the antiblastic drug cis-diamminedichloroplatinum(II)
using pulsed field gel electrophoresis
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The method known as pulsed-field gel elec-
trophoresis (p,f,g.e.}l is extensively used for
fractionation of large DNA molecules (even
over 7 Mbp) [1 - 6]. P.f.g.e. has numerous appli-
cations, such as detecting single and double-
stranded breaks, chromosomal mapping of
microorganisms, as well as cytogenetic charac-
terization and separation of entire chromo-
somes.

Here we have applied this method to study
changes in the DN A isolated from lymphocytes
obtained from cancer patients undergoing cis-
DDP therapy.

For isolation of the DNA, we used lympho-
cytes suspensions obtained from 6 lung carci-
noma patients. Blood samples (2 ml) were ob-
tained from patients prior to and 24, 48,72 and
120 h after administration of the drug. The
lymphocytes were isolated by centrifugation in
a density gradient. Blood was diluted 1:1 using
physiological saline solution, then overlayed
on Gradisol L and centrifuged for 30 min at 400
¢. The resulting suspension of lymphocytes
was mixed with 3% ultra-low gelling tempera-
ture agarose (Sigma, gelling below 15°C) at
30°C, then immediately put onto 1% agarose
gel (BioRad, DNA grade, size 15x 15 x 0.5 cm),
containing RNase (10 pg/ml). To release DNA
from the cells the gel was incubated overnight
in a solution containing 0.5 M EDTA, 2% N-lau-

royl sarcosine sodium salt and 1 mg/ml of
proteinase K, pH 8.0, at room temperature [1].

The pulsed field gel electrophoresis was per-
formed in: A, a laboratory made chamber with
24 electrodes positioned in a hexagonal orien-
tation; they produced two homogenous electric
fields at an angle of 120° to one another, forcing
the DN A molecules to move in a zig-zag course
through the gel (as is shown in Fig. 1) with a net
migration along the resulting vector of this
fields (c.h.e.f.); and B, in a classical horizontal
electrophoresis tank (15 x 10 cm) for submarine
techniques where two electrodes produced two
homogenous and inversed fields. Long pulse
time was made with a pulse control unit in the
direction of net DNA migration, and short time
in reverse direction (f.i.g.e.). Good quality sep-
arations were obtained by using 40 s pulses
with the applied voltage of 7 V/cm, time 40 h
for c.h.e.f. and with pulse time 45s/15s and 10
V/cm, time 25 h for f.i.g.e. The running buffer
(TBE: 0.089 M Tris, 0.088 M boric acid and 0.002
M EDTA) was cooled (10°C) and circulated
continuously through the unit. Afterwards, the
gels were stained with ethidium bromide and
photographed.

Cis-DDP is one of the drugs most commonly
used in the treatment of human neoplasia. The
drug preferentially binds to two neighboring
guanine bases and to adenine residues adjacent
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! Abbreviations: pfge., pulsed field gel electrophoresis; cis-DDP, ris-diamminedichloroplatinum(il);
ch.ef., clamped homogeneous electric field; f.i.g.e., field inversion gel electrophoresis
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Fig. 1. Pulsed-field gel electrophoresis (c.h.e.f.) of
lymphocytes DNA isolated from lung carcinoma
patients No. 1 and No. 2 after administration of
cis-DDP.

Lanes 1a and 2a, control (before administration of the

drug); lanes 1b and 2b, after 24 h; lanes 1c and 2c, after 48
h: lanes 1d and 2d, after 72 h; lanes 1e and 2e, after 120 h

to guanine residues. The formation of these
chelates correlates well with antitumor activity
[7-11].

The photographs shown here illustrate the
results of p.f.g.e. of DNA samples from lym-
phocytes isolated from patients undergoing a
cis-DDP therapy. Lanes b, ¢, d and e from series
1and 2 (Fig. 1) and 3 d and e (Fig. 2) suggest a
large number of breaks within DNA molecule
resulting from administration of the drug. Lane
e particularly well shows extensive fragmenta-
tion of the DNA 120 h after administration of
the drug,.

Cis-DDP does not cause DNA nicks by direct
attack [12].

However, many studies suggest that binding
of cis-DDP to cellular DNA may cause its local
denaturation [11].

The DNA region disturbed by cis-DDP bind-
ing might be subject to DNA endonuclease ac-
tion [13 - 17]. Indeed, some authors observed
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Fig. 2. Pulsed-field gel electrophoresis (fi.g.e.) of
Iymphocyte DNA isolated from lung carcinoma pa-

tient No. 3 after administration of cis-DDP.

Lane 3a, control (before administration of the drug); lane
3b, after 24 h; lane 3¢, after 48 h; lane 3d, after 72 h; lane
3e, after 120 h

DNA double strand breaks resulting from
treatment of cells or nuclei with cis-DDP. They
believe that the breaks are secondary changes
resulting from the excision of crosslinks from
DNA strands [13 - 17].

In summary, our study shows for the first time
fragmentation of the DNA isolated from lym-
phocytes of cancer patients receiving cis-DDP
chemotherapy.

It seems of interest that one patient responded
in a quite different way: DN A isolated from the
lymphocytes obtained from this patient was
not fragmented at all (data not shown).

Whether the observed effect of cis-DDP ther-
apy correlates with the tumor regression re-
mains to be established. The method applied
may enable better monitoring of the patients
undergoing chemotherapy. Such monitoring
would reduce the risk involved in the applica-
tion of anticancer drugs.
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