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I n t e r a c t i o n  of  D E A E - D e x t r a n  w i t h  M a m m a l i a n  C e l l s  C u l t i v a t e d  in  v i t r o  

D E A E - d e x t r a n  ( d i m e t h y l a m i n o e t h y l d e x t r a n ,  he re in -  
a f t e r  D E A E - D )  is a ca t ion  po lymer ,  possess ing  u n u s u a l  
p rope r t i e s  in  d i rec t  i n t e r a c t i o n  With cglls ; i t  i n h i b i t s  t h e  
f o r m a t i o n  of c e r t a i n  t u m o u r s  in  mice  1-z a n d  s t i m u l a t e s  
p inocy tos i s  a n d  i n c o r p o r a t i o n  of macromol l ecu ia r  sub-  
s t ances  in to  t he  h o s t c e l l  4, 5. The  facu l ty  of inc reas ing  t he  
u p t a k e  of subs t ances  b y  t he  cell ha s  been  a t t e m p t e d  to be  
m a d e  use of also in our  f u r t h e r  work,  c o n t i n u i n g  our  
e x p e r i m e n t s  h i t h e r t o  in  wh ich  t he  i n c o r p o r a t i o n  of exo- 
genous  D N A  in to  m a m m a l i a n  cells in  v i t r o  ha s  been  
s tud ied  6. W i t h  r ega rd  to t he  fac t  t h a t  i nco rpo ra t i on  of th i s  
D N A  takes  place  on ly  in well  p ro l i f e ra t ing  cells, i t  was  
f i r s t  necessary  to a sce r t a in  w h e t h e r  D E A E - D  does no t  
i n h i b i t  t he  g r o w t h  of m a m m a l i a n  cells c u l t i v a t e d  in v i t ro ,  
s imi la r ly  to  t he  resu l t s  of e x p e r i m e n t s  p e r f o r m e d  on 
t u r n o u t  cells1-3. Fo r  th i s  r eason  we focused our  a t t e n t i o n  
on  t h e  s t u d y  of g rowth ,  morpho log ica l  p rope r t i e s  a n d  
k a r y o t y p e  of L - s t r a i n  mouse  f ib rob la s t s  a f t e r  t i le  appl ica-  
t i on  of D E A E - D .  10000 

For  t h e  expe r imen t s ,  L-cells c u l t i v a t e d  in m o n o l a y e r  
in m i n i m u m  Eag le ' s  m e d i u m  s u p p l e m e n t e d  w i t h  10% 
i n a c t i v a t e d  calf  s e rum a n d  an t ib io t i c s  were used. D E A E - D  
(m.v. 2 X 10 s, P h a r m a c i a  Uppsa la )  was app l ied  for  per iods  
of rain,  30 or  24 h in t he  c o n c e n t r a t i o n  of 500 ~g /ml ;  as 
was  f o u n d  in our  p rev ious  expe r imen t s ,  m a x i m u m  in-  
c o r p o r a t i o n  of D N A  occurs  a t  t h i s  concent ra t ionT.  Af te r  
p r e i n c u b a t i o n  of t he  cells in  D E A E - D ,  t he  m o n o l a y e r  was  
w a s h e d  w i t h  D E A L - D - d e f i c i e n t  m ed i um ,  w h e r e u p o n  t h e  1000 
cells were f ixed or f u r t h e r  c u l t i v a t e d  in D E A L - D - d e f i c i e n t  
m e d i u m  a n d  t h e n  used  for f u r t h e r  expe r imen t s .  

The  resu l t s  o b t a i n e d  showed t h a t  t he  degree of d a m a g e  
to t h e  L-cells d e p e n d e d  on  t he  t i m e  for wh ich  t he  cells h a d  =3, 
been  p r e i n c u b a t e d  in D E A E - D  ; a f t e r  a 30 m i n  appl ica t ion ,  
no  morpho log ica l  changes  in t h e  cells occur red  in corn- a, 
pa r i son  w i t h  t h e  con t ro l  p o p u l a t i o n ;  a f t e r  3 h, a n d  ~- 
especia l ly  a f t e r  24 h, of i n c u b a t i o n  of t he  cells in  t he  
D E A E - D - c o n t a i n i n g  med ium,  t he  cell m e m b r a n e  dis- 100 
p l ayed  cons iderab le  damage ,  t h e  c y t o p l a s m  was  vacuo l ized  
and  g ranu la t ed ,  t h e  nucle i  were  deformed,  a n d  t h e  g r o w t h  
of t he  cells was s topped.  A 30 ra in  ac t ion  of D E A E - D  did  
n o t  i n h i b i t  t h e  g r o w t h  of t he  cells, even  t h o u g h  t he  cells | 
en t e red  t h e  l oga r i t hm i c  phase  l a t e r  t h a n  t he  con t ro l  cells 
(Figure) .  The  l e n g t h  of t h e  gene ra t i on  t i m e  ( de t e r m ined  
a f t e r  30 ra in  ac t ion  of D E A E - D  on t he  basis  of t he  increase  
of cel ls  seeded in  mi tos i s  a f t e r  s y n c h r o n i z a t i o n  of t he  
popu l a t i on8  ) was  a p p r o x i m a t e l y  equa l ly  long (18.5 h) as 
in  t h e  con t ro l s  (17.5 h). I n  t he  l e n g t h  of t he  G 2 phase  a n d  
t h e  S p h a s e  t he  cells, a f t e r  p r e i n c u b a t i o n  w i t h  D E A E - D ,  
di f fered f rom t h e  con t ro l s  (Table).  

S h o r t  c u l t i v a t i o n  of cells in D E A E - D  d id  n o t  inf luence,  
e i ther ,  t h e  s t r u c t u r e  of t h e  c h r o m o s o m e s  ; w i t h  t he  excep-  
t i o n  of a few qui te  i so la ted  cases (2 ch r om os om es  f rom 60 
me taphase s ) ,  no  a b e r r a n t  c h r o m o s o m e s  were found  in t h e  
set  of ch romosomes  in  t he  m e t a p h a s e .  C h r o m o s o m e  aber -  
r a t i ons  d id  no t  t ake  place,  even  in t he  case when  t he  cells 
were r e p e a t e d l y  c u l t i v a t e d  a lways  30 ra in  in  t h e  D E A E -  
D - c o n t a i n i n g  m e d i u m  a n d  a f t e rwards  were t r a n s f e r r e d  
for 24 h in to  a D E A E - D - d e f i c i e n t  m ed i um .  Af te r  pre-  
i n c u b a t i o n  of t he  cells in  D E A E - D ,  t he  v a r i a t i o n  w i d t h  of 
t he  n u m b e r  of ch romosomes ,  however ,  changed  a n d  f rom 
the  o r ig ina l  m o d a l  n u m b e r  of 54 (range 50-58) occur red  
in t h e  cell p o p u l a t i o n  w i t h  a g rea t e r  v a r i a t i o n  w i d t h  
(range 45-60)  a n d  moda l s  of 51 and  53 ch r om os omes  
(Table) ;  endoredup l i ca t ion ,  no r  a n y  o the r  anomal i e s  
d u r i n g  mi tos i s  were n o t  not iced.  

The  resu l t s  of t he  e x p e r i m e n t s  show t h a t ,  un l ike  t r ans -  
p l a n t a b l e  t u r n o u t  cells ~-3, s h o r t  s ingle a p p l i c a t i o n  of 
D E A E - D  (500 ~g/ml)  does no t  a c t  on  t he  g r o w t h  of 
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L-cells in  a n  i n h i b i t o r y  m a n n e r .  Of decis ive i m p o r t a n c e  
here  will, of course,  be  no t  on ly  t he  t y p e  of cells, b u t  
p r i m a r i l y  t he  c o n c e n t r a t i o n  of D E A E - D  a n d  t he  d u r a t i o n  
of i t s  act ion*,  10. W e  bel ieve t h a t  t he  i n h i b i t i o n  of cell 
g rowth  a f t e r  t h e  app l i ca t i on  of D E A E - D  m a y  be con- 
nec t ed  w i t h  t h e  changes  in  t he  s t r u c t u r e  of t he  cel lular  
m e m b r a n e ,  especial ly of i ts  e lectr ic  charge  a n d  pe rmeab i l -  
i t y  3. These  p rope r t i e s  m a y  be  in  t u r n o u t  cells, to  a ce r t a in  
degree, specific a n d  d i f fe ren t  f rom n o n - t u m o r o u s  cells 10 
A t  low doses of D E A E - D  or  i t s  sho r t e r  ac t ion ,  an  in te r -  
ac t ion  occurs  be tween  t he  surface  cell a n d  t he  D E A E - D  
molecule,  w h e r e b y  t he  u p t a k e  of ce r t a in  macromolecu les  
is s t i m u l a t e d  (e.g. a l b u m i n  11 or  v i rus  DNA*).  

The  resu l t s  of our  p rev ious  e x p e r i m e n t s  h a v e  also 
shown  t h a t  D E A E - d e x t r a n  can  increase  t he  u p t a k e  of 
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Growth curve of L-cells after bEAE-dextran application. Control 
line without DEAE-D (1), cells after 30 mill (2) or 3 h (3) application 
of 500 ~zg/ml DEAE-dextran. 
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Influence of DEAE-D on the growth characteristics and the number of chromosomes in L-celis 

EXPERIENTIA 28]~ t~ 

Duration of action Relative plating~ Generation time S-phaseb G2 phase b 
of DEAE-D (%) (h) (h) (h) 
(500 ~tg/ml) 

Mitotic index 
(%) 

Number of 
chromosomes 

Modal Range 

/0 ~ 100 17.5 7.5 3.5 5.4 
30 min 62-80 18.5 6.5 4.5 4.4 

~Absolute plating efficiency 75-86%. ~Determined by autographic technique in asynchronous population 9. 

54 50-58 
51 and 53 48-60 

exogenous D N A  in m a m m a l i a n  cells cu l t iva ted  in vi tro.  
For  the  expe r imen t s  we used aH-DNA isolated f rom L- 
cells n ,  as hos t  ceils L-cells cu l t iva ted  in mono laye r  in 
min ima l  Eagle ' s  m e d i u m  s u p p l e m e n t e d  w i t h  calf se rum 
and carrier  t hymid ine .  Af te r  the  appl ica t ion  of D E A E - D ,  
t he  incorpora t ion  of 3H-DNA de te rmined  a t  several  
in te rva ls  b y  the  specific ac t iv i ty  of L-cell D N A  12, was 20 
t imes  h igher  t h a n  in the  D E A E - D - d e f i c i e n t  seriesL 

The kinet ics  of the  incorpora t ion  of exogenous D N A  
and i ts  local izat ion in t he  hos t  cell in connec t ion  wi th  the  
func t ion  and  the  mechan i sm of the  effect  of D E A E - D  on 
the  up t ake  of th is  D N A  are t he  shb iec t  of fu r ther  deta i led  
s tudies .  

Zusammen[assung. :Wachs tum,  morphologische  Eigen-  
schaf ten  und  K a r y o t y p i e  kul t iv ier te r  L-Zellen wurden  

nach  Appl ika t ion  von D E A E - D e x t r a n  im Inkuba t ions -  
m e d i u m  nn te r such t .  In  einer  K o n z e n t r a t i o n  yon  500 txg/ 
ml  (was die A u f n a h m e  yon  exogener  D N S  f6rdert) und  
bei einer  E inwi rkung  wAhrend 30 min  ver/~ndert D E A E -  
D e x t r a n  die u n t e r s u e h t e n  E igenscha f t en  nicht .  
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In v i tro  R e s p o n s e  of H u m a n  L e u k o c y t e s  to A n t i - H u m a n - T h y m o c y t e  Globu l in  

Hetero logous  a n t i l y m p h o c y t e  se rum and its globul in  
der iva t ive  (ALG) pro long homogra f t  survival  in v ivo in 
m a n  and  an imals  1-3. However ,  the re  are var iable  and  of ten  
conf l ic t ing repor t s  on i ts  mi togenic  effects  in vi tro.  Several  
labora tor ies  4-s have  repor ted  i ts  s t imu la to ry  effect  on 
D N A  synthes is ,  while  o thers  g, 10 have  repor ted  i ts  inhibi-  
t o ry  effects  on syn thes i s  of DNA. 

The p re sen t  r epo r t  shows t h a t  wi th in  a na r row dose 
range a n t i l y m p h o c y t e  globulin has  a s t imu la to ry  effect  
on D N A  synthes i s  by  cul tured  h u m a n  leukocytes ,  bu t  if 
the  concen t ra t ion  of ALG is increased,  D N A  synthes i s  is 
inhibi ted ,  a t  least  pa r t l y  because of the  cy to tox ic  proper-  
t ies  of these  globulins for per iphera l  blood leukocytes .  

Materials and Methods. The a n t i l y m p h o c y t e  se rum (ALS) 
and  ALG used in th is  s t u d y  were made  in a horse  repea t -  
edly  immun ized  wi th  h u m a n  t h y m i c  cells 11. The ALG, 
pur i f ied  by  DEAE-ce l lu lose  b a t c h  ch roma tography ,  con- 
t a ined  a single IgG b a n d  de tec tab le  by  immunoe lec t ro -  
phore t i c  techniques .  Complemen t  was r emoved  f rom all 
an t i se ra  by  hea t  i nac t iva t ion  a t  56~ for 30 rain. The 
l y m p h o c y t o t o x i c  t i t e r  of ALS was 1:6400 and of ALG, 
1:3200, aga ins t  h u m a n  t h y m o c y t e s  in the  presence  of 
guinea-pig  complemen t .  

B l o o d  samples  were ob ta ined  f rom normal  adults .  The 
separa t ion  of leukocytes  (by sed imen ta t ion  method) ,  
leukocyte  cul ture  and  de t e rmina t i on  of t he  degree of sti- 
mula t ion  of D N A  syn thes i s  were done according to  t he  
m e t h o d s  used by  PRASAD et al. 1~. Dilut ions of NHS,  ALS 
and  ALG were made  in H a n k ' s  ba lanced  sal t  solut ion.  
P h y t 0 h e m a g g l u t i n i n  M (PHA) was r econs t i tu t ed  w i t h  
t r ip le  dist i l led water .  The di luted sera and the  und i lu ted  
P H A  were added  to  the  m e d i u m  (0.1 ml  per  tube) pr ior  to  
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the  add i t ion  of the cell suspension.  0.5 • 106 leukocytes  
were suspended  in 2.5 ml  of cul ture  m e d i u m  for each cul- 
ture.  T h y l n i d i n e - m e t h y l - H  3 (specific ac t iv i ty ,  12 ci/m 
mole) was  used to de t e rmine  the  degree of s t imula t ion  of 
D N A  synthes is .  5 h pr ior  to  h a rv e s t  0.5 ~ci of the  isotope 
was added  to each cul ture  t ube .  E x p e r i m e n t s  were re- 
pea t ed  3 t imes  wi th  s imilar  resul ts  wi th  leukocytes  f rom 
6 d i f ferent  individuals .  
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