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The action of ionizing radiation, carcinogens, and oncogenic viruses is known to be accompanied by 
fragmentation of the DNA of the normal cell. Diseases due to genetic defects of the DNA repair system, such 
as xeroderma pigmentosum, are characterized by an increase in the frequency of tumor development. Lymph- 
oeytes of patients with primary and secondary aplastie anemia are known to have more single-stranded DNA 
breaks than healthy human lymphocytes [5]. 

With these facts in mind, the level of single-strand DNA breaks was compared in peripheral blood leuko- 
cytes from healthy subjects and from patients with chronic lymphatic and myeloid leukemia. 

EXPERIMENTAL METHOD 

Lymphocytes and granulocytes from the peripheral blood of healthy donors served as the control. 
Lymphocytes were isolated by B'oyum's method [3] using a mixture of Ficoll and Urotrast with a specific 
gravity of 1.08. To isolate granulocytes, the Ficoll-Urotrast mixture was layered above an equal volume of 
polyvinol (tool. wt. 20,000) with a specific gravity of 1.12. The isolated lymphocytes or granulocytes were 
washed three times with cold physiological saline and the cells were separated by centrifugation for I0 rain at 
400 g. Single-strand DNA breaks were determined by the method of Fedorov and Borisov [I, 2]. A cell sus- 
pension (2 • 106) was lysed by addition of 4 volumes of a solution of the following composition: 2.5M NaCI, 
0.025M EDTA-Na~, 5 g/liter Nalaurylsarcosinate; pH 9.0. The lysate was passed through a BS filter (from 
Millipore) by means of a peristaltic pump and washed with 5 ml 0.002M EDTA solution, pH I0.0. DNA was 
eluted with 0.1M NaOH at 40~ at the rate of 0. i ml/min and four fractions each of 2.5 ml were collected; 
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TABLE I. Number of DNA Breaks in Blood 

Leukocytes of Patients with CLL and CML 

Patienffs 
initial 

B 
T. 
N 
R 
K. 
Ts 
S 
Z 
M. 
L 
V. 
D 
Kh 

D. . Character of 
zagnosls course of di- 

sease 

CLL Slow 

CLL Rapid 

CLL Crisis 

CML 

Number of breaks 
in DNA of leuko- 
eytes 

1,66 
2,17 
1,90 
3,73 
3,87 
4,25 
2,85 
3,61 

12.60 
4O,0O 
6,87 
4,72 
6,45 

Legend. Number of breaks in DNA of 

healthy donors' leukoeytes 1.25 • 0.2. Num- 

ber in granulocytes 3.85 • 0.6. 

one fraction was eluted at 55~ DNA in the eluates was determined fluorometrically. For this purpose, the 

fractions of eluate were treated with 0.1 ml of a solution containing 130 g/l of ethidium bromide (EB) and 4M 

Na2HPO 4, and the fluorescence of the eluates (Fk) was measured at an excitation wavelength k = 365 nm 

(Akex c = 10 nm) and emission wavelengths k = g00 nm (ZXkem = 20 nm); fluorescence of a control solution not 

containing DNA (F0) also was measured. The DNA concentration in the eluates was calculated by equations: 

[DNA ] = 2,38hp q- Q ,342q) ~ ~ 0,077T a 

or  

where  

(p (p 
[DNA l = Kk" ~7L--'~ -}- [EB 1~. -~-, 

(1) 

(2) 

Yh qh 
q~=-~o --1;  Q = ~ - o  --1.  

In these  equa t ions  K k is the c o n s t a n t  of complex  f o r m a t i o n  be tween  DNA and EB; q0 and qk the quan -  
tum y ie ld  of the p u r e  dye and the dye in  the f o r m  of a complex  with DNA r e s p e c t i v e l y ;  Z the tota l  c o n c e n t r a -  
t ion  of dye in  the e lua te .  Values of the coef f i c ien t s  i n  equa t ion  (1) and the va lues  of K k and Q in equa t ion  (2) 
w e r e  ob ta ined  by p r o o e s s i n g  the c a l i b r a t i o n  data.  The r a t e  of e lu t ion  of DNA has been  shown [1, 2, 6] to be  de-  
t e r m i n e d  by the f r e q u e n c y  of s i n g l e - s t r a n d  b r e a k s .  To d e t e r m i n e  m o r e  exac t  va lues  of the r a t e  of e lu t ion  of 
DNA on the g raphs ,  the ra t io  be tween  the quan t i ty  of I)NA elu ted  at 40~ and i ts  h i g h - m o l e c u l a r - w e i g h t  f r a c -  
t ion  was plot ted  a long the o rd ina t e  and the f r ac t i on  n u m b e r  of t i m e  on an a r b i t r a r y  sca l e  a long the a b s c i s s a .  

The e lu t ion  p ro f i l e s  wi th in  these  c o o r d i n a t e s  w e r e  independen t  of the n u m b e r  of lysed  ce l l s  wi thin  c o m p a r a -  
t ive ly  wide l i m i t s .  

The n u m e r i c a l  da ta  w e r e  sub j ec t ed  to s t a t i s t i c a l  a n a l y s i s  on the "Alpha t ron ie -332"  m i n i c o m p u t e r  ( f rom 
Diehl,  W e s t  G e r m a n y ) ,  the a r i t h m e t i c  m e a n  and s t a n d a r d  d i s p e r s i o n  for  the r e s u l t s  of n e x p e r i m e n t s  be ob-  
ta ined  as the r e s u l t s  of the b io log ica l  t e s t s .  The s t a n d a r d  c o m p u t e r  p r o g r a m  was used  for the ope ra t ions .  To 
d e t e r m i n e  coef f i c ien t s  and cons t an t s  in equa t ions  (1) and (2) the r e s u l t s  of c a l i b r a t i o n  for  10 points  we re  used.  
These  c o n s t a n t s  w e r e  ca l cu l a t ed  by a p r o g r a m  dev i sed  by the w r i t e r s  t h e m s e l v e s ,  u s ing  the method of l e a s t  
s q u a r e s  f r o m  the cond i t ion  of the m i n i m u m  of the s t a n d a r d  e r r o r  of DNA concen t r a t i on .  

EXPERIMENTAL RESULTS 

The results of individual investigations are summarized in Table 1 and the averaged results are given 
in Figs. 1 and 2. The smallest number of single-strand breaks, it will be seen, was found in DNA from the 
peripheral blood lymphocytes of healthy donors. DNA from leukocytes of patients with chronic lymphatic 

leukemia (CLL) with a slow rate of development contained about 1.5 times more single-strand breaks, and 
with CLL with a rapid course of development, 3 times more single-strand breaks (Fig. 1). DNA from peri- 
pheral blood leukoeytes of patients with chronic myeloid leukemia (CML) had 4.4 times more single-strand 
breaks than DNA from normal lymphoeytes (Fig. 2). However, recalling that the cells of granulocyte type 
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Fig. I. Averaged curves of alkaline elution 

of DNA of lymphocytes, characterizing num- 
ber of single-strand breaks: I) healthy 
donors; 2) patients with CLL with slow rate 
of development of disease; 3) patients with 
C LL with rapid rate of development of di- 
sease. Here and in Fig. 2: abscissa, nos. of 
fractions; ordinate, ratio between DNA con- 
centrations at 40~ and 55~ 
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Fig. 2. Alkaline elution prof i les  of DNA f rom 
granulocytes  and tumor  cel ls ,  cha rac te r i z ing  
number  of s ing le - s t r and  b reaks :  1) granulo-  
cytes  of healthy donors  ( s ta t i s t ica l  data) ;  2) 
granulocytes  of pat ients  with CML, 3 and 4) 
t umor  cel ls  during leukemic c r i s i s  t e r m i n a t -  
ing in death (individual c a s e s ) .  

p redomina te  among leukocytes of pat ients  with CML, it is evidently m o r e  c o r r e c t  to compare  the resu l t s  of 
determination of single-strand breaks in leukoeytes of patients with CML with results relating to DNA of nor- 
mal granulocytes. If this comparison is made, the number of single-strand breaks in DNA from leukocytes of 
patients with CML was 1.5 times greater than in DNA from granulocytes of healthy donors. 

Grannlocytes are known to be unable to divide, to have a significantly shorter life span than lymphocytes, 
and to have a nucleus which contains only heterochromatin and to be considerably repressed. For this reason 
the r e p a i r  of injur ies  to DNA in granuloeytes  is evidently substant ia l ly  weakened. This defect  of DNA rep a i r  
is  a lso  found in myeloid cel ls  of pat ients  with CML. 
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Two patients with CLL (L. and M.) had wel l -marked  features of malignant changes (tumor cells and neo- 
plasma, no effect f rom t rea tment) .  The number of DNA breaks  in their lymphoeytes was par t icu lar ly  high 
(more than 10 times g rea te r  than their  number  in DNA f rom normal  lymphocytes) ,  and this evidently reflected 
profound dis turbances in the repai r  sys tem of the lymphocytes.  

In connection with the resul ts  showing the l a rge r  number of s ingle-s t rand breaks  in DNA in leukemic 
cells of patients with CLL and CML obtained during this investigation, it must  be recal led that bone mar row 
cells of patients with aplastic anemia have regions of open (denatured) DNA at the metaphase,  anaphase, and 
ear ly  telophase stages,  whereas DNA of healthy donors '  cells at these stages is completely supercoiled and 
contains no such regions.  The number  and extent of these regions determine not only the kinetics of DNA de- 
naturation, but also the ability of chemical  carcinogens,  s teroid hormones,  and virus genomes to bind with it 
[4]. 

The increase  in the number  of s ingle-s t rand breaks  in DNA of leukemic cells may, on the one hand, be 
the resul t  of a change in the sys tem of repai r  enzymes and, on the other hand, an essential  mechanism for 
maintaining the cell in the t ransformed state. In fact, according to existing data [7], the ability of leukoeytes 
of patients with CLL to c a r r y  out repa i r  is significantly reduced. It has recent ly  been shown that induction of 
erythroid  differentiation in cul tures of erythroleukemic cells is accompanied by an increase  in the number of 
DNA breaks  [8, 9]. 

1~ 
2. 
3. 
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