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Viruses  may have a modifying effect on the excision repa i r  sys tem,  either suppress ing it [1, 2] or s t im-  
ulating individual s tages  of this p rocess .  The effect of attenuated measles  virus  on the repa i r  p rocess  is of 
p rac t ica l  as well as theore t ica l  interest ,  because vaccination with attenuated virus is ca r r ied  out annually on 
tens of thousands of children. 

Accordingly,  this paper  descr ibes  the resul ts  of a comparat ive study of the effect  of "wild-type n and a t -  
tenuated s t ra ins  of measles  virus on different s tages of excision repa i r  induced by UV irradiat ion.  Dete rmina-  
t ion of activity of the sys tem repair ing DNA injuries produced by this mutagen is important  because UV rad ia -  
tion is an ecologic factor  to whose action vaccinated children are  constantly exposed. Moreover ,  most  chemical 
mutagens have an action of UV type, i .e. ,  DNA repa i r  requi res  involvement of basical ly the same enzyme s y s -  
t ems .  Consequently, information obtainedwith the use of UV radiation may be cor rec t  to some degree also for 
chemical  substances of UV type which a re  widespread in the external  environment.  

E X P E R I M E N T A L  M E T H O D  

Exper iments  were car r ied  out on a transplantable culture of human cells of line L-41.  Two strains  of 
meas les  virus were  used: vaccine s t ra in  L-16 and the "wild-type" Edmonston s t ra in .  Cells were  infected in 
suspension and the multiplicity of infection was 0.01-0.1 TCDs0 per  cell. As the source of UV radiation, two 
BUF-15 lamps (254 rim) were used. Activity of the initial stage of excision repa i r  was investigated by a r ad io -  
chromatographic  method [5], whereby the number of thymine d imers  formed during UV-radiat ion and their  "ex-  
cision" could be determined under postradiat ion conditions of incubation. With this aim, cells growing in a 
monolayer  were i r rad ia ted  24 h after  infection in a dose of 20 J / m  2. The content of thymine d imers  in the cell 
DNA was determined immediately af ter  i r radia t ion and after  12 and 24 h of postradiat ion incubation. The num-  
ber of thymine d imers  was calculated by the equation: 

Number of d imers  = Count in region of thymine dimers  (in cpm) 
Count in region of thymine (in cpm) • 100%. 

Reparat ive  DNA synthesis  activated by UV radiation was studied by a liquid scinti l lation method based on 
incorporat ion of [3tt]thymidine into the total mass  of cells,  with suppress ion of replicat ive DNA synthesis  by 
hydroxyurea .  The intensity of repara t ive  synthesis  was judged f rom the value of the st imulation index (SI), which 
is the ratio between the radioactivity counts (in cpm) in the irradiated cells to the radioactivity count in unir- 
radiated cells. 
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TABLE 1. 
L-41 Cells 

Test object 

Effect of Measles Infection on Repair  of UV-Induced Injuries to DNA in Human 

Uninfected cells 
Cells infected with measles 

vaccine virus (0.01 
TCDs0_per celt) 

Cells infected with measles 
vaccine virus (0.1 
TCD50per ce11)~ 

Cells mf'ected with measles 
vaccine virus (0.0t 
TCDs0 per cell) 

Legend. *P < 0.05. 

Reparative DNA synthesis 
total radioactivity of 106~'cells,I 
epm I 
before UV-ir- after UV-irra- [SI 
radiation diation [ 

7930~957 

5955• 

5276• 

4173___710 

11102• 

11910• 

7389+__963 

4590• 

1,39 

1,98 

1.45 

1,12 

Repair of DNA breaks 
number of DNA-'-~'~s-- - -  - -  

I per dalton • 10 -9 efficiency of 
/8 h after ~ 24 h after repair, % 
[ UV-irradia- UV-irradia- 
/tion tion 

2,5 

2,8 

2,8 

0,3 

0,3 76 

0,7 65 

1,0 57 

2,3 0 

coefficient 
of repair, % 

88 

75 

68 

0 

To study recombination of DNA breaks formed as a resul t  of removal  of injuries in the course of excision 
repa i r  the molecular  weight of DNA was determined in the control and infected cells af ter  8 and 24 h of pos t -  
radiat ion incubation, by ultracentrifugation of cell lysates in alkaline sucrose  gradients  [4]. The molecular  
weight of the t rea ted  and untreated cells was used to calculate the number of DNA breaks (per dalton), the eff i-  
ciency of repai r ,  and the fract ion of breaks repa i red  (the repa i r  coefficient). The experimental  data were sub-  
jected to s tat is t ical  analysis by the F i she r -S tuden t  method [3]. 

E X P E R I M E N T A L  R E S U L T S  

The study of the effect of measles  infection on excision of UV-induced thymine d imers  showed that the num-  
ber of d imers  in cells infected with measles  vaccine virus during 12 h of postradiat ion incubation was reduced 
by 54% (from 1.09 �9 0.03 to 0.49 �9 0.04%) and after  24 h, it was reduced by 70% (to 0.34 �9 0.01%), whereas  in 
uninfected cultures during 12 h af ter  i r radiat ion the number  of d imers  fell by 35% (from 1.20 • 0.09 to 0.76 -~ 
0.01%), and after  24 h by 54% (to 0.56 �9 0.14%). Attenuated measles  virus thus st imulated "excision" of induced 
DNA injuries,  as a resul t  of which, toward the end of the period of observat ion the number  of unexcised injuries 
still remaining in the infected cells was 20% less than in the control (uninfected) cells.  By contrast  with a t -  
tenuated virus,  the "wild-type" strain,  in the same infecting dose,  caused inhibition of the excision stage of r e -  
pair .  During 12 h af ter  UV-irradiat ion the number of thymine d imers  in cells infected with this virus was r e -  
duced by only 20% (from 0.74 -~ 0.05 to 0.59 �9 0.03%), whereas after 24 h only 32% of induced injuries to DNA 
were ~excised." 

The inhibitory effect of the "wi ld- type '  s t ra in  on the reparat ive  ability of the cells,  obtained in this se r ies  
of experiments ,  may perhaps be connected with its h igher  eytopathic activity compared with that of attenuated 
virus,  observed with the same infecting dose of the cul tures .  In the next se r ies  of experiments ,  yet another dose 
of vaccine virus was therefore  used, namely 0.1 TCDs0 per  cell, which gave a cytopathic effect s imi la r  to that 
observed in cultures infected with "wild type ~ virus  in a dose of 0.01 TCDs0 per  cell. 

The resul ts  obtained during a study of the effect of different doses of meas les  vaccine virus on activity of 
repara t ive  DNA synthesis induced by UV-irradiat ion demonstra ted the stimulating effect of this virus in a mul t i -  
plicity of infection of 0.01 TCDs0 per  cell (Table 1). The stimulation index, ref lect ing the intensity of repara t ive  
DNA synthesis ,  was significantly higher  in these cultures than the infected cultures (P < 0.05). On infection of 
the cells with vaccine virus in a higher  dose (0.1 TCDs0 per  cell) no significant differences were found in the 
level of reparat ive synthesis between infected and control cultures.  Infection of cells with the "wild type ~ s t ra in  
of virus had an inhibitory effect on activity of repara t ive  DNA synthesis induced by UV-irradiat ion.  The resul ts  
of these experiments  thus corre la ted  with those of a study of the activity of "excision" of thymine d imers  f rom 
DNA of i r radia ted cells.  

Res tora t ion  of the s t ructura l  integrity of DNA (results of sedimentation analysis) in uninfected cells and 
cells infected with measles  vaccine virus in a dose of 0.01 TCDs0 per  cell took place with equal efficiency. As 
Table 1 shows, the coefficient of repa i r  24 h af ter  i r radiat ion of the infected cells was 77% compared with 88% 
in the  control (P > 0.05). On infection of the cells with measles  vaccine virus in a dose of 0.1 TCDs0 per  cell, 
inhibition of repa i r  of DNA breaks during 24 h af ter  i r radiat ion was observed.  Meanwhile incision breaks in DNA 
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in these cells appeared at the same or a higher rate than in uninfected cells, evidence of the absence of an in- 

hibitory effect of the vaccine virus on the initial stages of repair. In a study of cells infected with the "wild- 
type" strain of virus the rate of appearance of incision breaks in DNA after irradiation was found to be sharply 
reduced, and repair of the breaks did not take place during 24 h of postradiation incubation. 

The results provide a complete picture of the nature of excision repair of DNA injuries induced by UV- 
irradiation in human cells infected with different strains of measles virus. Although the cytopathic effect was 
similar in this case, unlike the "wild-type" strain, measles vaccine virus had no effect on activity of reparative 
DNA synthesis. 

On the one hand, therefore, confirmation of the hypothesis that the effect of the virus on reparative ac- 
tivity of the cell depends on multiplicity of infection was obtained. On the other hand, the fact that, despite the 
similar eytopathic action of the vaccine and "wild-type" strains, differences in their effect on repair processes 
in the cell still persisted, may confirm the role of genetic differences between viruses in the effects produced. 
The study of the effect of attenuated virus on function of an older cell mechanism on the evolutionary scale, name- 
ly repair of UV-injuries in DNA, can serve as a criterion for evaluation of the safety of vaccine preparations 
used to immunize children. If the vaccine strain was able to inhibit the repair system, its use in children in 
contact with natural forces (UV radiation), with possible medical procedures (x-ray irradiation, medication), 
and with definite pressure from environmental pollutants, may be a hazard from the point of view of increasing 
the frequency of virus-induced chromosomal aberrations in human cells. Under the conditions of stimulation of 
repair by attenuated measles virus, which we found, lowering of the level of virus-induced chromosomal aber- 
rations can be postulated. 
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The antitumor preparation dianhydrogalactitol, a bifunctional alkylating agent, is now used on a fairly wide 
scale in combination chemotherapy of human solid tumors [7]. 
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