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DEGRADATION OP 3n_TdR LABELLED DNA OP HUMAN LYMPHOCYTES
DURING STORAGE

I n f l u e n c e  o f  3H-thym idine in c o r p o r a te d  in t o  DNA o f  
human p e r i p h e r a l  b lood  lym phooytes on damage to lym phocyte 
DNA and p o a s i b i l i t i e s  o f  s t o r a g e  o f  3 H - l a b e l l e d  c u l t u r e  o f  
human lym phocytes i n  PBS ( b u f f e r e d  p h y s io l o g i c a l  s a l i n e ,  pH 
7 .2 )  a t  4°C was s t u d i e d  by e s t i m a t io n s  o f  m olecu la r  weight 
o f  DNA in  a l k a l i n e  s u c r o s e  d e n s i t y  g r a d i e n t  and d e term ina -
t i o n  o f  the  amount o f  v i a b l e  c e l l s .  The r e s u l t s  o b ta in e d  
i n  e s t i m a t i o n  o f  m ole cu lar  w eight o f  DNA i n d i c a t e d  th a t  
s t o r a g e  o f  3H-thymidine l a b e l l e d  human lym phocytes  c a u s e s  
DNA d e g r a d a t i o n .  The s im u lta n eo u s  la c k  o f  e s s e n t i a l  chan-
g es  i n  lym phocytes s u r v i v a l  s u g g e s t  th a t  d u r ing  the s t o r a -  

-g e -in d u ce d  damage the DNA damage p re c e ed e s  lym phocytes 
c e l l  d e a th .

In t r o d u c t i o n

I t  has  been shown in  many s t u d i e s  o f  mammalian c e l l s  and 
b a c t e r i a  th a t  r a d i o i s o t o p e s  c au se  l e t h a l i t y  and s t r a n d  b re ak s  
when in c o r p o r a te d  in t o  DNA. The 1^C-decay in d u c es  p o t e n t i a l l y  
l e t h a l  l e s s i o n s  in  b a c t e r i a l  DNA [ 17 ] . ^ " ’ io d in e  in c o r p o r a te d  
i n t o  DNA a s  the  thymine a n alog u e  5 - /  I / - io d o d e o x y u r id in e  c ausey  
l e t h a l i t y ,  m u ta t io n s  and d o u b le - s t r a n d  b r ea k s  in  E.  c o l i  [1 5 ]»  
in  phages T1 and T^ [1 9 ,  20 ,  2 9 ] ,  and d e c r e a s e s  s u r v i v a l  o f  ma-
mmalian c e l l s  [ 2 , 7 ] .  B o y d  e t a l .  [ 1 ]  have shown th a t  t h e r a -
p e u ti c  d os es  o f  125i a r e  c a p a b le  o f  prod ucing  chromosome da-
mage in  human p e r i p h e r a l  ly m phocytes.  The l e t h a l  and m utagenic 
e f f e c t s  o f  ^2 P in c o rp o ra te d  in t o  b i o l o g i c a l  sy stem s  have been 
a l s o  w el l  dokumented [13» 14, 16, 2 2 ] ,
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One o f  the most commonly used  r a d i o i s o t o p e s ,  ^H -th ym idine,



i a  a to x ic  a g en t  when i n c o r p o ra te d  i n t o  DNA o f  mammalian o e l l a ,  
to o .  I t  haa been e at im ate d  th a t  the e f f e c t  o f  t r i t i u m  a re  a i m i l a r  
to  e q u i v a le n t  d osea  o f  X or g am m a-rad iat ion  [ 6 ,  9 ,  2 8 ] ,  T r i t iu m  
in c o r p o ra te d  i n t o  Saccharom yces  c e r e v ia a e  in du cea  r e p ro d u c t iv e  
d ea th , gene co nv era io n a  and m utation a  a i m i l a r  to  thoae  produced 
by an e q u iv a le n t  doae o f  gam ina-rad iation  [ 4 ] .  H-Thymidine can 
produce chromoaome a b e r r a t i o n a  when added to- c u l t u r e s  o f  human 
lym phocytea in  v i t r o  [ 2 3 ] .  % - T r i t i u m  decay c a u a es  a i n g le - a t r a n d  
b reak a  in  C hinese ham ster c e l l s  V 79 [ 3 ] .  Data on in f l u e n c e  o f  
% -th ym id in e  in c o rp o ra te d  in to  DNA o f  human p e r i p h e r a l  b lood  lym- 
ph ooytes on th e damage to DNA a s  w e l l  a s  p o s s i b i l i t i e s  o f  s t o r a g e  
o f  l a b e l l e d  lym phocytes a r e  l a c k in g .  We have been a t te m p t in g  to  
check whether the p r oc es s  o f  s t o r a g e  o f  ^ H -th ym id in e- la b el led  hu-
man lym phocytea in  a o lu t i o n  o f  PBS ( p h o sp h a te -b u ff er ed  s a l i n e )  
a t  4°C i n f l u e n c e s  the DNA d e g ra d a t i o n  and c e l l  s u r v i v a l .  PBS was 
u se d  aa  a t o r a g e  medium s in c e  PBS t rea tm en t d oes  not produce t o x i -
c i t y  nor produoe d e g r a d a ti on  [ 3 3 ] .

M a t e r i a l  e'id methoda

The lym phocyte c e l l s  uaed i n  th eae  exp er im ents  were i s o l a t e d  
from h e p a r in i z e d  b lood  by the  se d im en ta t io n  method in v o l v in g  CM- 
- c e l l u l o s e .  G ra n u loc y te s  and m acrophages were removed owing to 
t h e ir  a d h es ion  to g l a a s  a t  3 7 °C . The lym phocytes were c u l tu r e d  
in  a 199 medium c o n ta in in g  10% c a l f  serum, a n t i b i o t i c  and phyto-
h em a g g lut in in  a t  37°C f o r  48 h .  The lymphocyte DNA was l a b e l l e d  
w ith  % -th y m id in e  w ith  s p e c i f i c  a o t i v i t y  5 mCi/mmol f o r  24 h ,  a t  
a f i n a l  a c t i v i t y  o f  2 p C i / m l .  The c e l l  s u r v i v a l  was de term ined by 
Trypan Blue  s t a i n i n g  and l a b e l l i n g  '’ "'cr.  M olecular  we ight o f  DNA 
w a 3  e s t im a te d  by u l t r a c e n t r i f u g a t i o n  in  a l k a l i n e  au croae  d e n s i ty  
g r a d i e n t  a c c o r d in g  to M c G r a t h  and W i l l i a m s  [ 2 4 ] .  
5-20# l i n e a r  s u c r o s e  d e n s i t y  g r a d i e n t s  in  0 .1  M NaOH, 0 ,9  M 
NaCl and 1 mM LDTA were u a e d .  The c e l l s  were l y s e d  d i r e c t l y  on 
the  top  o f  the  g r a d i e n t  f o r  30 m inutes a t  room tem p eratu re  ( th e  
l y s i n g  a o l u t i o n  c on ta in ed  0 .5  M NaOH and 0 .1  M EDTA), and were 
c e n t r i f u g e d  a t  35 000 rpm in  a  Beckman SW 60 r o t o r  f o r  2 h a t



10°C. The. g r a d i e n t s  were c a l i b r a t e d  with  the phage T^DNA ( 7 3 S ) .  
The a ve ra g e  m o lec u lar  w eight o f  DNA was e s t i m a te d  from the S tu -  
d i e r ’ s  e q u a t io n  [ 3 1 ] .

Re s u l t s

T y p ic a l  se d i m e n ta t io n  p r o f i l e s  o f  % - l a b e l l e d  DNA from hyman 
lym phocytes in  5-20 ^ a l k a l i n e  s u c r o s e  d e n s i ty  g r a d ie n t  a f t e r  
d i f f e r e n t  tim es  o f  s to r a g e  o f  lym phocytes a re  shown in  P i g .  1.

The v a l u e s  o f  a ve rag e  m olec u la r  w eig ht and se d i m e n ta t i on  
c o e f f i c i e n t  o f  human lymphocyte DNA a f t e r  d i f f e r e n t  tim es  o f  c e l l  
s t o r a g e  a re  g iv e n  in  Tab. 1. The a ve rag e  m o lec u la r  weight o f  DNA 
r e l e a s e d  from lym phocytes i a  eq u a l  to 2 6 .1 0  + 2 .8 7  x 10^ d a l t o n s .

T a b l e  1

E f f e c t  o f  s t o r a g e  time o f  lym phocytes upon the a ve rag e  m ole c ula r  
w eigh t and s e d i m e n ta ti o n  c o e f f i c i e n t  o f  DNA

Wpływ c z a su  przechowywania l im focy tów  na masę cz ąs tecz k ow ą 
i  s t a ł ą  se d y m en tac j i  DNA

BjiHHHHe xpaHeHHH jihmJoijhtob Ha MOJieKyjiapHuft Bec u KOHCTaHTy
ceĄHMeHraiiHH HHK

S to r a g e  tim e n

X o 1 S ed im e nta tion  
c o e f f i c i e n t ,  S

m +s l+ CÛ

0 h 11 2 6 .1 0  +2 .8 7 1 21 .0  + 4 .9
24 h 10 5 .0 8  +0 .45 63.1  + 2 .5
48 h 9 2 .7 1  +0.4 7 4 8 .6  + 2 .6

T his  v a lu e  c or re s p o n d s  to e s t a b l i s h e d  v a lu e s  o f  su b u n it  m ole cu la r  
w eigh t o f  mammalian DNA in  a l k a l i n e  su c ro se  d e n s i ty  g r a d i e n t s  [5 ,  
21 ,  26,  2 7 ] .  The av erag e  m ole cu la r  we ight o f  DNA r e l e a s e d  from  
lym phocytes s t o r e d  f o r  24 h i s  eq u al  to 5 .0 8  + 0 .4 5  x lo"'* d a l t o n s ,  
and o f  DNA from lym phocytes s t o r e d  fo r  48 h to  2 .7 1  + 0 .4 7  x 10? 
d a l t o n s .

As i t  r e s u l t s  from the d a ta  g iven  in  Tab. 1, the s to r a g e  
o f  lym phocytes r e s u l t s  in  a d e c r ea s e  o f  m olecu lar  w eight o f  c e l l  
DNA. The d e c re a s e  in  the a v er a g e  m olecu la r  w e ig h t o f  lymphocyte



P i g .  1. Sed im en ta t ion  p r o f i l e s  o f  3H - l a b e l l e d  human lymphocyte 
DNA in  a 5-20 $ a l k a l i n e  s u c r o s e  d e n s i t y  g r a d i e n t  a f t e r  v a r i o u s  
tim es  o f  s t o r a g e  o f  lym p ho cytes .  DNA was o b ta in e d  by l y s i n g  o f  
lym phocytes f o r  30 min b e fo r e  c e n t r i f u g a t i o n .  L y s in g  s o l u t i o n s  
0 .5  M NaOH, 0 .1  M EDTA. C e n t r i f u g a t io n :  35 000 rpm, 120 min,
ab out 10°C , SW-60 r o t o r .  Lymphocytes s t o r e d  f o r ---- O h , ------24 h,

---------48 h
P r o f i l e  sed y m en tac j i  znakowanego trytem  DNA lim focytów  lu d z k ic h  
w 5-20% g r a d i e n c i e  g ę s t o ś o i  a l k a l i c z n e j  s a c h a r o z y .  DNA o trzym a-
no w wyniku 30-minutowej l i z y  l im focytów  na pow ierzchni g r a -
d ie n tu  b e z p o śred n io  przed  wirowaniem. S k ła d  roztw oru  l i z u j ą c e g o :  
0 ,5  M NaOH, 0 ,1  M EDTA. Wirowanie: 35 000 rpm, 120 min, temp.
10°C , r o t o r  SW-60. Lim focyty  przechowywano prz ez  ----0 h , ------24 h,

------- 48 h
npo$HJIH CyflHMeHTailHH Me^ieHoił TpHTOM ,HHK qeJIOBe îeCKHX JIHMjOIJHTOB B
5-20% rpa^HenTe iuiothocth nejiotiHoił caxapo3u. ,HHK nojiyuanH rtocjie 
3 0 -M H H y r H o r o  jiH3Hca ^hm$ol(htob Ha iiOBepxHOCTH rpa^HeHTa Henocpe^- 
cTBeHHo nepe^ i;eHTpn<i>yrnpoBaHKeM. CocTaB jiH3Hpy»mero pacTBopa: 
0 ,5  M NaOH, 0 ,1  M EDTA. LleHTpmiiyrHpoBaHHe: 35 000 o6opotob/mhh, 
120 M H H y i , TeMoepaTypa 10°C , poTop SW-60. JIhm$ouhtu xpaHHJiH b  

TeueHHe ----- 0 q a c o B ,------ 24 ^acoB , — • — • 48 uacoB



DNA amounted to  81% f o r  the tim e i n t e r v a l  o f  0 -24 h , to 90% f o r  
the time i n t e r v a l  o f  0-48 h ,  and to 47% f o r  th e time i n t e r v a l  o f  
2 4 -4 8  h (T a b . 2 ) .  These chan ges a r e  s t a t i s t i c a l l y  s i g n i f i c a n t .

T a b l e  2

D i f f e r e n c e s  between the a ve ra g e  m olecu la r  w e ig h t s  o f  DNA o b ta in e d  
from lym phooytes s t o r e d  fo r  d i f f e r e n t  tim e i n t e r v a l s

Zmiany masy oz ą s te cz k ow ej  DNA otrzymanego z lim focytów  
przechowywanych p rz ez  różny o k re s  c z a s u

H3M6HeHHH MOJieKyjiHpHoro Beca HHK, nojiy'ieHHOft H3 jiHMi|>0iiHT0B 
xpaHHMhix B paajiH^iHhie npoMentyTKH BpeMeHH

Time i n t e r v a l s DNA m olec u la r  weight 
chang es  ( i n  per c e n t ) P<

0 h ----*» 24 h 81 0.001
0 h ----»• 48 h 90 0.0 01

24 h ----� 48 h 47 0 .00 2

The lym phocyte s u r v i v a l ,  a s  e s t im a t e d  on the b a s i s  o f  Trypan 
B lu e  s t a i n i n g  amounted to 99% a f t e r  a 24 h c u l t i v a t i o n .  A f te r  24 
and 48 h o f  s t o r a g e  o f  lym p h ocytes ,  th e ir  v i a b i l i t y  d e c re a s e d  
to  90%. A fter  the same time o f  s t o r a g e ,  the amount o f  lym phocytes 
d e c re a s e d  by 5^.  I t  seems th a t  a f t e r  s t o r a g e  o f  lym phocytes in  
PBS (ph osph ate  b u f f e r e d  s a l i n e )  a t  4 °C , v i a b i l i t y  and d e n s i ty  o f  
the  c e l l s  were c o nserv ed  b eca use  the ob served  ch anges  a r e  devoid 
o f  s t a t i s t i c a l  s i g n i f i c a n c e .  S im i l a r  r e s u l t s  were o b ta in e d  in  ex-
p erim en ts  on c e l l  s u r v i v a l  e s t im a t ed  by m easurem ents o f  ^ 1Cr 
r e l e a s e .

D i sc u ss io n

% - T r i t i u m  in c o rp o ra te d  in t o  b i o l o g i c a l  m o le c u le s  can  c a u se  
damage e i t h e r  due to b e t a - r a d i a t i o n  o f  t r i t iu m  d ecay , or from 
ch em ical  chan ges a s s o c i a t e d  w ith  the t r a n s m u ta t i on  from 3H to 
3He. I t  h as  been shown th a t  % -d e c a y s  in  the  n u c l eu s  a re  more 
e f f e c t i v e  than  % -d e c a y s  in  oy toplasm  [ 5 ] .  H o f e r  et  a l .  [1 2 ]  
showed th a t  c y t o t o x i c  e f f e c t s  o f  6^ G a - c i t r a t e , thym idine and 
^ ^ I - io d o d e o x y u r i d in e  on L 1210 leukaem ia  c e l l s  l a b e l l e d  with  
v a r io u s  d o s e s  o f  th ese  th re e  r a d i o i s o t o p e s  r e s u l t  e x c l u s i v e l y  
from n u c l ea r  damage. T h ere f ore  -%-thymidine decay demaged, f i r s t



o f  a l l ,  DNA. T r l t i a t e d  thym idine ( -^HTdR) i s  in c o r p o r a te d  d i r e c t l y  
i n t o  DNA and thua c on served  i n  the c e l l  n u c leu s  a s  a p a r t  o f  
g e n e t ic  m a t e r i a l  [ 31 .  For t h i s  r e a s o n ,  i t  seems th at  i t  i s  ne-
c e s s a r y  to a v o id  s t o r a g e  o f  % - th y m i d i n e - la b e l le d  c e l l  o u l t u r e a  
i n  i n v e a t i g a t i o n a  o f  t h e i r  DMA, becau se  s t o r a g e  r e s u l t s  in  a 
d e c re a s e  o f  m olec u la r  w eig ht o f  t h i s  DNA due to  i t s  d e gr a d a -
t i o n .  The r e a u l t s  ob ta in e d  in  t h i s  paper i n d i c a t e  that a v er a g e  
m olec ular  w e ight o f  DNA m arkedly d e c r e a s e s  a f t e r  48 h s t o r a g e  o f  
% -thy m id in e  l a b e l l e d  human lym phocytes .  S i m i l a r l y ,  i n t r a c e l l u l a r  
1^C-d ecays  in  l a b e l l e d  V 79 Ch inese  ham ster c e l l s  le a d  to s t r a n d  
b re ak s  and to a p r o g r e s s i v e  d e c r e a s e  in  m olec u la r  w eight o f  
DNA with  i n c r e a s e d  time o f  s t o r a g e  a t  -1 96°C  [ 8 ]  and 12'^I-decay 
in d u c es  d o u b le - s t r a n d  b r ea k s  i n  E. c o l l  DNA when r a d i o l a b e l l e d  
b a c t e r i a  were s to r e d  a t  -19 6°C  [ 1 8 ] ,  The s e d i m e n ta t i on  p r o f i l e s  
o f  DNA ob ta in ed  from HeLa c e l l s  t r e a t e d  with  % -th ym id in e  waa 
a f f e c t e d  by the time o f  ex p osu re  o f  th ese  c e l l s  to the r a d i o i s o -
tope  [ 1 1 ] .  However i t  i s  worth to  no te  th a t  some r e p o r t s  s u -
g g e s t e d  p o s s i b i l i t y  o f  such d e g ra d a t io n  c au se d  by n o n r a d i o a c t i v e  
p r o c e s s e s  [2 5 ,  30, 3 2 ] .  In the l i g h t  o f  th e se  o b se rv a t i o n  the 
in f l u e n c e  o f  enzymic p r o c e s se s  can not be e x c lu d e d .
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B ła ż e j  Rózga , E l ż b i e t a  Poziomska, Aneta Koceva-Chyła

DEGRADACJA ZNAKOWANEGO % - TYMIDYNĄ DNA LIMFOCYTÓW LUDZKICH 
PODCZAS ICH PRZECHOWYWANIA

3
DNA lim focy tów  lu d z k ic h  z krwi obwodowej znakowano H-tymidy- 

n ą .  Oznaczano wpływ ^H-tymidyny na p rzeżyw alność  komórek i  na 
w ła ś c iw o ś c i  sedym entacy jne  DNA l im focy tów  przechowywanych w PBS 
w temp. 4°C p rz ez  różny o k r es  c z a s u .  Masg cz ą stec zk ow ą DNA^wyzna-
czano metodą u l t r a w ir ow a n ia  w a lk a l ic z n y m  g r a d i e n c i e  g ę s t o s c i  s a -
c h a ro z y .  S tw ierd zon o , że przechowywanie znakowanych 3H-tymidyną 
lim focy tów  powoduje d e g r a d a c ję  ic h  DNA. Nie zaobserwowano zmian 
w p r ze ż yw a ln o ści  l im focy tów , co s u g e r u je ,  że w s to sowanych warun-
kach przechowywania u sz k o d z e n ie  DNA poprzed za  śm ierć  kom orki.

B jia x e ft  P y3 r a ,  9 JH >xó eT a n o 3 § M c ic a , A H eTa K o u e B a - X u a a

PACriA4 MEMEHOii 3 H-THMHĄHH0M HHK M EJI0BE4ECKHX JIHMK5UHT0B 
BO BPEMH 'Ä X  XPAHEHHH

3
HHK ' J e j io B e n e c K H X  j i h m Ji o h h t o b  n e p H t J i e p H ie c K o B  k p o b h  M e T M H  H - t h -  

m h ą h h o m . O n p e ę e JiH J iH  B Jin a H H e  3 h —th m h J iH H a  H a  x p a H e H H e  k j i ö t o k  h  H a  
ce n H M e H T a u H O H H b ie  C B o M cT B a  ĄHK j iM M fo u s iT O B , xp a H H M bix  b  PBS (Ó y $ e p H Ł iii 
p a c T B o p  $ K 3 H O J io r n M e c K o 8  c o j i ą )  n p a  l e M t i e p a T y p e  4  C b  p a a J iH U H u e  n p o -  
M escyTK H  B p e M e H H . M oJie icy jiH p H b ift B e e  £ H K  o n p e ^ e j i f l J iH  m c t o ^ o m  a n < M > e - 
p e H u n p o B a H H o ro  y jife T p a u e H T p n iiiy rH p o B a H H H  b  m e jiou H O M  r p a ,n H e H T e  i u i o t -  
h o c t h  c a x a p o 3 H .  r i0 K a 3 a H 0 , qTO  x p a H e n n e  j i h w Jj o u h t o b , M e ^ e H u x  } H - t h -  
m h h h h o m  B U 3M B a e T  p a c n a n  HHK j i h m $ o i; h t o b . C y m e c T B e H H h ie  o t j ih m h h  b  n e -  
p e *H B a H K H  K Jie T O K  H e  H a d jn o ^ a ^ H c b ,  m o  c B H ą e T e J ib C T B y e T  o  t o m ,  u t o  b  
n aH H H x  y c J io B H H x  x p a H e H o a  n o B p e * f l e H H e  ĄHK n p e u m e c T B y e T  c M e p T H  K J ie -  

TK H .


