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Summary- Human diploid fibroblast cells derived from normal subjects and from patients with 
progeria or progeroid syndromes were examined for the extent of their abil l ty to repair 7-ray- 
induced single-strand breaks in their DNA. Cells irradiated and incubated as monolayers 
showed normal repair in all cell lines studied° Progeroid cells that were treated with 
trypsin, irradiated, and allowed to repair in suspension with shaking showed slightly less 
repair after long times than did normal cells. However, if the cells were not shaken, the 
progeroid cells remaining in suspension showed DNA degradation and an inabil i ty to repair 
DNA strand breaks in contrast to normal cells. 

Progeria is a human genetic disease characterized by accelerated aging (1). Epstein 

et al. (2) used sedimentation in alkaline sucrose to study the rejoining of single-strand 

breaks in the DNA of 7-irradiated cells from a progeroid patient (K.H.). Their results 

indicated that the cells "failed to show evidence of normal DNA strand rejoining in vitro 

after exposure to cobalt-60 gamma irradiation," whereas control cells "showed essentially 

complete rejoining of radiation-induced strand breaks within 30 min after irradiation . . . .  " 

Their results suggested "that an enzyme involved in DNA repair may be absent or greatly 

reduced in efficiency in cells from this patient with the progeria syndrome." 

We have investigated the rejoining of DNA single-strand breaks in four human diploid 

fibroblast cell strains developed from patients with "progeroid" syndromes including K.H. 

cells (2). Although under certain experimental conditions we can repeat the observations 

of Epstein et al. (2), our results suggest that there is no inherent defect in DNA repair in 

progeroid cel Is. 

The accompanying paper by Epstein et al. indicates that progeroid cells repair breaks 

less rapidly than do normal ones under experimental conditions similar but not identical to 

ours. We do not know why our results differ from theirs. 

*Research jointly supported by the Carcinogenesis Program of the National Cancer 
institute and by the U. S. Atomic Energy Commission under contract with Union Carbide 
Corporation. 
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MATERIALS AND METHODS 

We used diploid fibroblasts derived from skin biopsies of normal subjects and from 

patients with progeria or progeroid syndromes (see Table I). Cell culture methods and the 

TABLE I 

Progeria or progeroid cells used* 

k. D° 

S . J .  

K . H .  

H . M .  

Classical progerla, passage 9 

Atypical progeria, passage 12 

Atypical progeria, passage 11, 12 

Werner's syndrome, passage 10 

*These cells were generously supplied by Dr. Robert J. Hay, Department of 
Biological Sciences, Wright State University, Dayton, Ohio. Further details 
on these patients are available from Dr. Hay. 

details of alkaline sucrose gradient centrifugation have been reported previously (3, 4). 

Cellular DNA was labeled by a 16-hr incubation in [3H]dThd (2 FCi/ml) or 32po 4 

(15 MCi/ml). The labeling medium was then removed and replaced with regular growth 

60Co medium for 2 hr prior to irradiation with 10 Krad of ~'-rays from a source Cells 

were treated in one of 3 ways: (A) as monolayers on 50-ram plastic petri dishes (Lux 

Corp.) incubated at 37°C; (B) removed from dishes with 0.05% trypsin and irradiated 

and incubated at 37°C in suspension in glass centrifuge tubes, without shaking, as 

described by Epstein et al .  (2); (C) removed with trypsin and irradiated and incubated in 

suspension in 25-ml plastic scintil lation vials, with shaking on a rotary shake table ( 100 

excurslons/min) at 37°C. After irradiation the monolayer cells, (A), were removed 

from the dishes by scraping into a phosphate-buffered saline containing 0.6 mM EDTA 

(PBS-EDTA) solution (5) and resuspended at 2 X 105/ml cells. For cells incubated in 

suspension, (B) and (C), a 100-MI aliquot of cell suspension was diluted with 10 ml of 

PBS-EDTA, centrifuged for 3 mln at "-'1000 g to wash off the growth medium, and 

resuspended in PBS-EDTA at 2 X 105 cells/rnl. Fifty MI of the cellular suspension was 

layered on top of an alkaline sucrose gradient containing 2 M NaCI as described 

previously (3, 4). Cells were permitted to lyse for 1 hr and the gradients were 
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centrifuged at 30,000 rpm for 180 mln. Eight-drop fractions of the gradients were 

collected from a hole punched in the bottom of the tubes and counted as described (6). 

The data were analyzed by a computer to give welght-average molecular weights ot: the 

lower 0.8 of the gradients. 

RESULTS 

(A) Cells in monolayer. Figures 1 and 2 show the sedimentation profiles of the 
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FiG. 1. Alkaline gradient profiles of [3H]dThd-labeled normal (HSBP) and progeroid (L.D.) 
cells irradiated and incubated for various times on petrl plates before collection for centri- 
fugation in the SW-56 rotor of" a Beckman L3-50 centrifuge for 180 min at 30,000 rev/min. 

DNA of normal diploid and two progeroid fibroblast cell lines irradiated and incubated 

for various times on petrl dishes. There is no suggestion from these data that a defect 

in DNA repair is present in progeroid cells. The table in Figure 2 summarizes the 

gradient data for one normal and four progerold cell types in terms of the weight-average 

molecular weight; There are no impressive differences in the rate of repair of strand 

breaks between the various progeroid cells and normal cells. 

(B) Ce!!s in suspension--no shaking. Immediately after irradiation at 0°C, the 

tube containing the cells in suspension was placed in a 37°C water bath. After 15 rain 

incubation, the DNA of normal cells shows partial repair of strand breaks but the 
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FIG. 2. (A) Alkaline gradient profiles of progeroid (K. H.) cells after 7-irradiation (10 
krads). (B) Summary of DNA repair results with normal and progeroid cells. 

progeroid cells show much less (Figure 3). With continued incubation, both normal 

and progeroid cells exhibit much the same pattern. The slower moving DNA decreases 

in molecular weight, and its relative amount increases. The amount of low molecular 

weight DNA is much greater for the progeroid cells. A complication in these 

experiments was the attachment of cells to the surface of the tube during incubation 

and the consequent decrease in the number of cells put on the gradients. There was a 

75% decrease for progeroid and a 90% decrease for normal cells. Thus, in both the 

normal and the progeroid cells, there were two populations--one attaching rather 

readily to the tube substrate and the other attaching slowly. In the slowly attaching 

normal cells there was some reioining of strand breaks, but in the progeroid cells 

remaining in the suspension most of the DNA decreased in size. 

(C) Cells in suspension--with shaking. The experiments were designed to insure 

that all cells would remain in suspension during the postirradiation period. The results 
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NORMAL(o) AND PROGEROID (") FIBROBLASTS IRRADIATED AND INCUBATED iN SUSPENSION 
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FIG. 3. Alkaline gradient profiles of 32p-labeled normal (HSBP) and [3H]dThd-labeled 
progeroid cells (K.H.) after trypsinization. The two types of cells were mixed, irradiated, 
and incubated without shaking at 37°C in suspension. The heights of the 32p profiles are 
less than those of the 3H profiles because an appreciable part of the label (~30%) is at the 
top of the gradient in non=DNA components. 

are shown in Figure 4. After 15 and 30 mln incubatlon, the DNA's of normal and 

progeroid cells are returning to control molecular welghts. Continued incubation with 

shaking results in the appearance of some DNA of molecular weight less than 108. 

DISCUSSION 

Both K.H. and normal cells in monolayer cultures and while held in suspension, are 

able to repair "y-ray-induced slngle-strand DNA breaks under the experimental conditions 

reported here. On the other hand, cells remaining in suspension in nonagitated cultures 

do not repair, but degrade their DNA. This degradation by a small fraction of the 

inltlal population could account for the changes observed between 30 and 60 rain in the 

irradiated, shaken cultures (Figure 4). Preliminary experiments on normal and progerold 

cells that were treated with trypsin, irradlated in suspension, and replanted on petri 

dishes yielded inconclusive results. 

We suggest that progerold cells do not have an inherent reduced abil i ty to rejoin 

radlation-induced DNA single-strand breaks, but that they may have a reduced and 
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NORMAL(o) AND PROGEROID(.A) FIBROBLASTS IRRADIATED AND INCUBATED IN SUSPENSION (shoking) 
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FIG. 4. Alkaline gradient profiles of 32p-labeled normal (HSBP) and [3H]dThd-labeled 
progeroid cells (K.H.) after trypsinlzatlon, irradiation, and incubation with shaking at 
37°C for various times. 

variable abil i ty to recover from trypsin treatment. The cells remaining in suspension 

in nonagitated cultures after irradiation may represent either cells with a reduced abil i ty 

to recover from trypsin treatment or cells that have sustained greater trypsin damage 

than others. The cloning efficlencles and X-ray survival of HeLa and Chinese hamster 

cells are greatly affected by the time allowed for recovery from trypsin damage (7, 8). 

Conceivably, progeroid cells are very sensitive to this damage and slow to recover. 

This sensitivity could be reflected in several ways, one of which could be slow DNA 

repal r. 
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