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DNA fragmentation induced in K562 cells by nitrogen ions
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Abstract

This study was aimed at investigating the radiation induced DNA fragmentation pattern as a function of cellular differentiation and
radiation quality.

DNA double strand breaks (DSB) induced by g-rays were analyzed in K562 human proerithroblasts before (AP cells) and after
(D cells) differentiation induction while DNA DSB induced by 125 keV/µm N-ions have been studied in AP cells. Pulsed-Field
Gel Electrophoresis (PFGE) of cellular DNA was used to determine the DSB yield by analysis of the Fraction of Activity Released
(FAR) and of the fragmentation pattern in a specific size range (5.7-0.225 Mbp).

The results so far obtained show that the DSB induction by g-rays is different if evaluated with the FAR or with the fragmentation
analysis. The DSB yield obtained with the former method is about 1.4 times higher in AP respect to D cells while the latter method
indicates that more fragments are produced in D cells.  Comparison between g-rays and N-ions in AP cells shows that no significant
differences are detected by the FAR analysis; otherwise fragmentation analysis demonstrates a higher effectiveness of nitrogen ions.
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1. Introduction

The K562 erythroblastoid cell line [1] represents a
well-known cellular system capable to undergo
butyric acid-induced pseudoerythroid differentiation.
It can be used for evaluating whether the radiation
damage is affected by the structural and metabolic
changes accompanying the differentiation process.
In particular, the chromatin structure has been re-
ported to be more condensed in differentiated than
in proliferating cells, with larger loops anchored to
the nuclear membrane [2, 3]. These features can be
of great relevance in determining the production and
distribution of DNA damage, especially DSB.

Radiation quality is another important factor af-
fecting DNA damage. The high effectiveness of
densely ionizing radiation in producing cellular
effects has been related to the induction of severe
DNA lesions induced in higher proportion respect
to sparsely ionizing radiation. It is expected that the
primary ionization sites be produced by densely
ionizing radiation in a correlated manner along the
particle track. This can lead to the occurrence of
clustered or associated lesions that produce a DNA
fragmentation pattern different from that produced
by sparsely ionizing radiation [4].

In the present paper preliminary results on radia-
tion induced DNA fragmentation as a function of
cellular differentiation and radiation quality are
reported.

2. Materials and Methods

2.1. Cell culture and differentiation

K562 cells were grown as suspension culture in
humidified 5% CO2 atmosphere at 37°C in RPMI-
1640 medium supplemented with antibiotics,
L-glutamine and FCS, with a doubling time of about
24h. DNA was labeled by growing the cells in the
presence of 1.85 kBq cm–3 [14C]-thymidine for 72h.
Cellular differentiation was induced incubating the
cells in the presence of 1-2 mmol dm–3 butyric acid.

2.2. Irradiation

Actively proliferating (AP) cells and cells at 72h
from differentiation induction (D) were irradiated
on ice with g-rays from a 60Co source at the Istituto
Superiore di Sanità. AP cells were also irradiated at
+4°C with 125 keV/mm (LET•) N-ions at the Gustaf
Werner synchrocyclotron of the Bio-Medical Unit,
The Svedberg Laboratory, Uppsala [5].

2.3. Electrophoresis conditions

After irradiation, the cells were centrifuged and
resuspended in low-gelling agarose (0.7% w/v in
PBSS-EDTA buffer). Plugs containing 1 × 106 cells
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were then incubated in lysis solution (0.5 mol dm–3

EDTA pH 8.0, 1% sarkosyl, 1.0 mg cm–3 proteinase
K) for 1h at +4°C followed by overnight incubation
at +50°C. DNA damage was evaluated by calibrated
Pulsed Field Gel Electrophoresis (PFGE) performed
using a CHEF DRIII system (BioRad) following the
conditions reported in [6] for separation of DNA
fragments in the size range 5.7-0.225 Mbp. After
electrophoresis, gels were stained with ethidium
bromide for 2h at +4°C and visualized on an UV
transilluminator. Each lane of the gel was cut in
slices of about 3 mm in correspondence of specific
size markers. Each slice was put into scintillation
vials and hydrolyzed with HCl at +70°C over night.
After addition of scintillation cocktail (ULTIMA
GOLD-XR, Packard), the radioactivity in each sam-
ple was measured using a Wallac Beta Counter.

2.4. Calculation of DNA DSB

The number of induced DSB was calculated on the
same data sets by two different methods.
i) Evaluation of the overall FAR out of the well
performed using the random breakage model deri-
ved from Cook and Mortimer [7]:

FAR = Fmax{1 – [1 + (NDSB – NDSB,0) K(1 – K/M0)]

exp[(NDSB – NDSB,0)K]} (1)

where: NDSB and NDSB,0 are the number of DDSB in
the irradiated and in the control sample, respecti-
vely; Fmax the fraction of cellular DNA effectively
entering the gel; M0 the average chromosome size
(assumed to be 180 Mbp); K the exclusion size
(taken as the larger marker size clearly separated
from the compression zone, i.e. 5.7 Mbp).
ii) Direct calculation of the number of fragments
(practically equal to the number of DSB) performed
according to the method used by Loebrich and co-
workers [8]:

n M F Mi i ic h = / (2)

where n Mic h is the number of DNA fragments of
average size Mi  induced per unit DNA mass; Fi is
the fraction of DNA mass in the slice i of the gel.
Mi  was approximated by the size corresponding to
the average between two consecutive DNA markers.

3. Results and Discussion

DNA fragments revealed under the PFGE condi-
tions described above are of size comparable with
the loop dimension. Therefore, the fragmentation
profiles so obtained can be related to the interplay
between the radiation track structure and chromatin
organization at the loop level.

Concerning the two different types of analysis

performed to evaluate DSB, the FAR analysis is
based on a random breakage model, while the frag-
mentation analysis does not require any specific
assumption for the breakage mechanism.

Figure 1 (panel A and B) shows the FAR values
plotted as a function of dose for the different cellular
and irradiation conditions examined. The DNA DSB
yield for g-rays was calculated by fitting the data
with equation 1, assuming a linear relationship
between the total number of induced DSB and the
dose d (NDSB = y d M0). This yield is about 1.4 times
higher in AP respect to D cells [yAP,g = (5.35 ± 0.44) 10-

9 bp–1 Gy–1 and yD,g = (3.74 ± 0.10) 10–9 bp–1 Gy–1]. No
significant differences are observed changing radiation
quality in AP cells.

The results obtained by fragmentation analysis in
the size range 5.7-0.225 Mbp are also shown in the
figure (panel C and D). In this case, the number of
DSB after g-irradiation is higher in D with respect
to AP cells. In AP cells N-ions appear more effec-
tive than g-rays.

The non-linearity of the dose-response evaluated
by fragment counting can be ascribed to the limited
size range analyzed. In contrast, FAR analysis con-
siders the entire fragmentation spectrum below the
exclusion size, assumed to be given by random
breakage mechanism. However, the last method has
been shown to underestimate DSB, especially for
heavy ions [8].

Our finding that at the same FAR values the N-
ions induce more fragments than g-rays indicates
that the two radiations induce different DSB distri-
bution in cellular DNA. In order to better exploit the
fragmentation method, evaluation of fragments di-
stribution in a lower molecular weight range is
under investigation.
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Fig. 1 – Fraction of  14C-labeled DNA released from the plug (FAR) vs dose (panel A and B) and number of DSB vs dose (panel
C and D). (�) K562 actively proliferating cells (AP) irradiated with g-rays  or (�) 125 keV/µm N-ions; (�) K562 cells at 72h
from differentiation induction (D) irradiated with g-rays. Lines in panel A and B represent the best fits of the experimental data
obtained using Eq.1 (see Materials and Methods); lines in panel C and D only represent guide for the eye.
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