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Gamma-ray irradiation introduces single and/or double strand 
breaks into the DNA molecule of the cells. In the case of mam- 
malian cells, these breaks are beimg repaired in general during the 
first hr following exposure to ionizing radiation. The article reports 
on the results obtained from testing the ability of cultured lympho- 
cytes from patients with Down's syndrome to repair radiation- 
induced DNA single-strand breaks. The ability to repair was 
deduced from the study of the DNA sedi~nentatioa proNes in 
alkaline sucrose gradients. It was found that lymphocytes from 
Down's syndrome patients are less efficient in repairing single 
strand DNA breaks than are lymphocytes from normal individuals. 
This significantly increased fraction of unrepaired DNA strand 
breaks might be associated with the unusually high level of radia- 
tion-induced chromosome aberrations as compared with normals. 

Speculation 

The present work was carried out to fmd out whether the 
increased frequency of dicentrics and rings observed in human 
lymphocytes from patients with Down's syndrome is related to the 
presence of a DNA single-strand break repair mechanism of 
reduced capacity. 

Patients who exhibit chromosome abnormalities involving an 
extra chromosome. such as trisomy-21 or Klincfelter's syndrome 
(XXY), have an increased susceptibility to malignancy &d to X- 
or yray induced chromosomal aberrations (12, 13). 

The observation that cultured lymphocytes, obtained from pa- 
tients with Down's syndrome are twice as sensitive to the induction 
of chromosome dicentrics and rings by y-rays (13,21) could be an 
indication that a defect in the system by which genetic damage is 
repaired is responsible for the increased chromosomal abnomal- 
ities and risk of developing leukemia. 

We studied the ability of lymphocytes from patients with 
Down's syndrome to repair y-ray-induced damage by means of 
the DNA sedimentation profiles in alkaline sucrose gradients. It 
has been shown previously that mammalian cells of various origins 
carry mechanisms by which single or double breaks induced by 
ionizing radiation on the DNA molecule can be rejoined (5) and 
that the ability to rejoin strand breaks appears to be a general 
property of the rapidly dividing cells (9). 

Although human cell lines obtained from individuals having 
different types of inherited disorders, like xerodema pigmentosum 
(XP), ataxia telangiectasia, and Fanwni's anemia, were found to 
be associated with defects in the ability to repair certain kinds of 
physical or chemical damage on their DNA (3,8, 11, 16, 17, IS), 
there is no evidence of any known human cell line capable of 
dividing to have a defect in their ability to rejoin single- or double- 
strand breaks introduced into their DNA by X- or y-rays (8). 

It is shown by means of the DNA sedimentation profiles in 

alkaline sucrose gradients that cells from three patients with 
Down's syndrome were unable to repair y-ray-induced, single- 
strand breaks in their DNA. 

MATERIALS AND METHODS 

CELL CULTURES 

Five ml of blood were obtained from normal individuals and 
patients with Down's syndrome (age range, 2 to 4 years) by 
venipuncture and transferred to heparinized tubes. The sedimen- 
tation of the red blood cells was completed following incubation 
of the heparinized blood at 37°C for 2 hr in tubes held at a 45" 
angle. One-half ml of the supernatant consisting of white blood 
cells and serum was transferred to culture tubes containing 1.5 ml 
fetal calf serum, 4 ml of McCoy's 5A medium, and 0.01 ml of 
Sigma phytohemagglutinin. After gentle mixing, the cultures were 
left for incubation at 37°C for 72 hr. 

LABELING 

The cells were labeled by adding [3H]thymidine (1 pCi/ml) in 
the culture medium during the last 24 hr of incubation. 

The tubes were centrifuged at 1500 rpm for 5 min, and the 
supernatant was removed. They were then placed on ice and were 
irradiated in a Gammacell 200 (Atomic Energy of Canada, Ltd.) 
with 16,000 rads. One lot of the tubes, after resuspension of the 
pellet in cultural medium, was left for repair incubation at 37°C 
for 1 hr, whereas the cells from the remaining tubes were imme- 
diately harvested. 

REPAIR INCUBATION AND ULTRACENTRIFUGATION 

Pellets of cells harvested either immediately after irradiation or 
following repair incubation for 1 hr were resuspended in 0.2 ml of 
0.02% EDTA in Dulbecco's A buffered solution, and 0.2 ml of 
this suspension was pipetted smoothly onto a lysis layer on top of 
alkaline sucrose gradients. The lysis buffer consisted of 0.2 ml of 
2% sodium dodecyl sulfate and 0.02 M EDTA, and the gradients 
were 5 to 20% sucrose gradients in 0.1 Na0H:O.l M NaCl. 
Following lysis, tubes in a SW 50.1 rotor (Beckman Instruments 
Inc.) were loaded into a L5-75 Spinw ultracentrifuge (Beckman 
Instruments, Inc., Spinw Div.) and spun at 38,000 rpm for 60 rnin 
at 20°C. 

RADIOACTIVITY COUNTING 

Following centrifugation, the tubes were punctured at the bot- 
tom with a syringe needle, and seven-drop fractions were collected 
with the aid of a peristaltic pump (Perpex 10200) into absorptive 
paper strips (2). For this purpose, Whatman 3 11 paper strips 1.5- 



DECREASED REPAIR OF X-RAY-INDUCED DNA SINGLE-STRAND BREAKS 

cm wide divided into sections of 2.0-cm long were used. The strips 
were placed in 5% trichloroacetic acid for 10 min, rinsed in 
ethanol, air-dried, and counted in a toluene-based liquid scintil- 
lation solution containing 4% Omnifluor in a Beckman Liquid 
Scintillation System. 

RESULTS 

Figures 1 and 2 show the sedimentation profiles of DNA from 
y-irradiated normal lymphocytes and of y-irradiated Down's syn- 
drome lymphocytes, respectively. DNA from normal y-irradiated 
cells sediments, after I hr of repair incubation, close to the bottom 
of the tube, whereas DNA from y-irradiated Down's syndrome 
lymphocytes treated similarly sediments together with DNA from 
y-irradiated cells not exposed to repair incubation. The relative 
weight average molecular estimations (Table 1) were based on the 
equation put forward by Palcic and Skarsgard (10): 

where i is the fraction number counted from the second fraction 
collected, and A, and k constants (ibidem) and Ci are the 
percentage total counts. 

These results show that although a single-strand DNA breaks 
repair mechanism is active as is expected, in the normal lympho- 
cytes, such a mechanism seems to be of reduced capacity in the 
lymphocytes from the three Down's syndrome patients studied. 

DISCUSSION 

Previous reports have speculated on the possibility of interpret- 
ing chromosome aberrations in terms of damage induced in the 
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Fig. 2. DNA sedimentation profiles from lymphocytes taken from 
three Down's syndrome patients. Cells were irradiated with 16 krads and 
incubated (0) at 37OC for 1 hr or lysed immediately aftdr irradiation (9). 

Table 1. Ratios of relative weight average molecular weights of 
DNA from irradiated normal and Down's syndrome lymphocytes 

Rel. w.a.MW1 of DNA after 
1 hr incubation 

Case 
Rel..w.a.MW1 of DNA without 

incubation 

Normal C. A. 1.4 
L. C. 1.7 
B. M. 3.2 

Down's X. S. 0.9 
syndrome 

K. M. 1 .o 
X. P. 1 .o 

' Relative weight average molecular weights. 

n 
u 
a DNA at the molecular level (1, 4, 7). This speculation has been 

15 investigated, among others, in studies in which cells from humans 
with inherited disorders classified as chromosome breakage syn- 

10 dromes-ataxia telangiectasia, Fanconi's anemia, and Bloom's 
syndrome were used (6, 13-15). Some people believe that the 
much higher incidence of chromosomal aberrations induced by 

5 UV or X-rays in xeroderma pigmentosum and ataxia telangiec- 
tasia cells, respectively, may be due to unrepaired damage in DNA 
(7, 16, 17) and, more ~ p e ~ c a l l y ,  to unrepaired or misrepaired 
single and double DNA strand breaks. However, no direct exper- 

10 15 20 imental data confirm the latter hypothesis. 
FRACTION NUMBER One human disorder which shows similar characteristics with 

Fig. 1 .  DNA sedimentation profdes from lymphocytes taken from the above mentioned disorders in respect to chromosome damage 
three normal individuals. Cells were irradiated with 16 krads and incu- is Down's syndrome. This syndrome, occuning with a frequency 
bated (0) at 37'C for I hr or lysed immediately after irradiation (a). of about 1.5/1000 newborn infants, causes, in addition to the 
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psychomotor retardation and the characteristic physical appear- 
ance, a higher risk for leukemia. The most common etiology of 
Down's syndrome is the result of nondijunction between an 
oocyte's two chromosome 21 homologs, an event that seems to 
occur randomly, but with greater frequency among older women. 
Cultured lymphocytes from patients with this syndrome are also 
more sensitive to the production of chromosome dicentrics and 
rings following X-ray exposure (12). This, in conjunction with the 
results reported here, led us to the speculation that these cells are 
probably less efficient in repairing certain kinds of damage occur- 
ring in their chromosomes. Whether this is also contributing to 
the higher incidence of leukemia in patients with Down's syn- 
drome will have to be proven. 

CONCLUSION 

The present experimental results suggest that the increased 
frequency of dicentrics and rings observed in human lymphocytes 
from patients with Down's syndrome is related to the presence of 
a DNA single-strand break repair mechanism of reduced capacity. 
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