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A g g l u t i n a t i o n  of l e u k e m i c  cel ls  and d a u n o m y c i n  e n t r a p p e d  e r y t h r o c y t e s  
w i t h  lec t in  in v i tro  and in v ivo  
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Summary. W h e a t  ge rm agg lu t in in  (WGA) a g g l u t i n a t e d  t h e  L1~10 leukemic  cells an d  d a u n o m y c i n  e n t r a p p e d  e ry th ro -  
cy tes  in  v i t ro .  C o m p a r i n g  w i th  con t ro l  p r e p a r a t i o n s ,  t h e  g r e a t e s t  increase  in s u r v i v a l  was o b t a i n e d  in v ivo  when  t h e  
d a u n o m y c i n  e n t r a p p e d  e r y t h r o c y t e s  a n d  ~WGA were g iven  to  ]3DF 1 mice  b ea r i n g  L1210 cells. 

I t  h a s  become  a p p a r e n t  t h a t  e r y t h r o c y t e s  could  be  useful  
as carr iers  of d rugs  a n d  o t h e r  b iological ly  ac t ive  agen t s  1. 
W h e a t  ge rm a g g l u t i n i n  (WGA) was in i t i a l ly  cha rac t e r i zed  
b y  i ts  a c t i v i t y  to  a g g l u t i n a t e  e ry th rocy te s .  I n  1963, A u b  
r e p o r t e d  a c rude  w h e a t  ge rm p r e p a r a t i o n  w h i c h  con-  
t a i n e d  a c o m p o n e n t  p re fe ren t i a l l y  a g g l u t i n a t i n g  t u m o r  
cells 2. Since t h a t  t ime,  W G A  has  been  i so la ted  an d  
e x t e n s i v e l y  s tudied .  
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W e  e n t r a p p e d  d a u n o m y c i n  in resealed e r y t h r o c y t e  ghos ts  
a n d  s tud ied  on  t h e  a g g l u t i n a t i o n  of L1zl0 leukemic  cells 
a n d  resealed e r y t h r o c y t e s  w i t h  W G A  in v ivo  a n d  in v i t ro .  
Materials and methods. ]Resealing of e r y t h r o c y t e s  was 
pe r fo rmed  b y  t h e  m e t h o d  of B o d e m a n n  a n d  Passow 3. 
H e p a r i n - t r e a t e d  e r y t h r o c y t e s  of ]3DF 1 mice  were  washed  
3 t imes.  A m e d i u m  composed  of 150 mM NaC1, 4.8 m M  
Tris,  p H  7 4, was  used b o t h  for w as h i n g  an d  e r y t h r o c y t e  
suspension.  1 ml  of e r y t h r o c y t e s  ( h ema t o c r i t  50%) was 
mixed  r ap i d l y  w i t h  10 ml  of cold h e m o l y z i n g  solut ion 
cons i s t ing  of 4 m M  MgC1 v Af te r  5 rain, 50 m g  of dauno-  
m y c i n  was added  to  t h e  so lu t ion  a n d  gen t ly  mixed.  
Af te r  a 1 -min -equ i l i b r a t i on  in t h e  cold, 1.2 m l  of 1.66 M 
NaC1 was a d d e d  to res tore  i so tonic i ty .  The  suspens ion  
was i n c u b a t e d  a t  37~ for 60 mi n  w i t h  gen t le  s h ak ing  
T h e  resealed e r y t h r o c y t e s  were col lected b y  cen t r i fuga-  
t i on  a t  2 5 , 5 0 0 x g  for 20 mill  a n d  washed  twice  w i t h  
isotonic  NaC1-Tris an d  in v ivo  s tud ies  were pe r fo rmed  
w i t h i n  30 rain.  To e s t ima te  e n t r a p p e d  d a u n o m y c i n ,  a f t e r  
h e m o l y z i n g  resealed ghosts ,  d a u n o m y c i n  an d  hemog lob in  
were s epa ra t ed  b y  ge l - f i l t ra t ion  c h r o m a t o g r a p h y  us ing  
S e p h a d e x  G-100 (1 x 15 cm). E l u t i o n  was pe r fo rmed  w i t h  
0.01 M Tris,  p H  7.2. Concen t r a t i on  of d a u n o m y c i n  was 

1% 1964 . assessed b y  OD a t  495 rim, a s s u m i n g  a n  ~lcm 
H e m o g l o b i n  c o n c e n t r a t i o n  was m e a s u r e d  b y  a d d i n g  
samples  to  f e r r i cyan ide -cyan ide  r e a g e n t  to  c o n v e r t  t he  
h e m o g l o b i n  to  c y a n m e t h e m o g l o b i n  a n d  t h e n  read ing  t he  
OD a t  540 n m  5 (figure 1). 
To ag g l u t i n a t e  L1210 leukemic  cells an d  d a u n o m y c i n  
e n t r a p p e d  e r y t h r o c y t e s  in  v i t ro ,  Llal0 cells (1 x l0  s cells/ 
0.1 ml  of i sotonic  NaC1-Tris) a n d  d a u n o m y c i n  e n t r a p p e d  
e r y t h r o c y t e s  (1 x l04 cells/0.1 ml  of i sotonic  NaC1-Tris) 
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Fig. 1. Sephadex G-100 chromatography of hemolysate of dauno- 
mycin entrapped erythrocytes. EIution was performed with 0.01 M 
Tris-HC1, pH 7.2. DM, daunomyein (O--Q) ; Hb; hemoglobin ( O -  Q). 

Fig. 2. Agglutination of Lx2t0 cell and daunomycin entrapped erythro- 
cytes. Giemsa staining. 
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were p r e i n c u b a t e d  a t  37~ for 1 min.  W G A  (0.01 mg]  
0.1 ml  of isotonic  NaC1-Tris) was  added  to agg l u t i na t e  
the  ceils and  a g g l u t i n a t i o n  was obse rved  w i t h i n  5 min.  
To s t u d y  t he  ef fec t iveness  of a g g l u t i n a t i o n  in vivo,  
L1~10 mouse  l eukemic  ceils (1 •  cel ls /mouse)  were 
i nocu la t ed  i.p. in to  B D F  a mice.  Af ter  24 h t h e  mice 
rece ived  t he  1st of 5 da i ly  in jec t ions  of t he  d a u n o m y c i n  
e n t r a p p e d  e r y t h r o c y t e s  a n d  W G A  a t  i n t e rva l s  of 10 min.  
Results and d~sc~ssion. 1 ml  of resealed e r y t h r o c y t e s  
e n t r a p p e d  a b o u t  4 mg  of d a u n o m y c i n .  Resea led  e ry th ro -  
cy tes  (0.5 ml) were suspended  in 5 ml  of i sotonic  NaC1- 
Tris  a t  37 ~ and  eff lux of d a u n o m y c i n  was e s t i m a t e d  a t  
1, 3, 6, 12 a n d  24 h a n d  23, 42, 78 and  84% of e n t r a p p e d  
d a u n o m y c i n  was leaked  ou t  respect ively .  
W G A  a g g l u t i n a t e d  the  L1210 leukemic  cells a n d  resealed 
e r y t h r o c y t e s  in v i t ro  (figure 2). The  g rea t e s t  increase  in 
s u r v i v a l  t i m e  was o b t a i n e d  in v ivo  when  the  d a u n o m y c i n  
e n t r a p p e d  e r y t h r o c y t e s  a n d  W G A  were g iven  (table).  

W G A  med ia t e s  a t t a c h m e n t  of resealed e r y t h r o c y t e s  to  
t u m o r  cells. The  ef fec t iveness  of d a u n o m y c i n  e n t r a p p e d  
e r y t h r o c y t e s  aga in s t  l eukemic  ceils especial ly  d e m a n d s  
t a r g e t i n g  of t h e  e r y t h r o c y t e s  to  leukemic  cells, a n d  i t  
m a y  be  poss ible  t h r o u g h  t he  use of t h e  l ec t ins  wh ich  
do n o t  h a v e  a g g l u t i n a b i l i t y  of n o r m a l  e r y t h r o c y t e s  and  
mi togen ic  a c t i v i t y  t o  l y m p h o y c t e s  b u t  h a v e  agg lu t ina -  
b i l i ty  of l eukemic  cells a n d  surface  modi f ied  e r y t h r o c y t e s .  
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Summary. The  morpho logy  and  h i s t o c h e m i s t r y  of d issocia ted  n e w b o r n  r a t  b r a in  was s tud ied  in t issue cul ture .  D i r ec t  
microscopy  of deve lop ing  ceils, e lec t ron mic roscopy  and  t h C a l k a l i n e  p h o s p h a t a s e  a c t i v i t y  were used to iden t i fy  the  
cap i l l a ry  endo the l i a l  cells. 

Tissue cu l tu res  ob t a ined  f rom m e c h a n i c a l l y  d issocia ted  
b r a i n  t i ssue  h a v e  been  used for m a n y  yearsa.  As a con-  
sequence  t he re  is a c u m u l a t i v e  i n f o r m a t i o n  on t he  dis- 
t i nc t i ve  p roper t i e s  of n e u r o n a l  and  glial  cells, and  on 
the  e x t e n t  a n d  n a t u r e  of g l i a l -neurona l  in te rac t ions .  
However ,  none  of t he  r epor t s  pub l i shed  so far  h a v e  
dea l t  ser iously  w i th  t he  poss ib i l i ty  t h a t  in  d issocia ted  
cul tures ,  t he  cells de r iv ing  f rom t he  b r a i n  capi l lar ies  can 
also grow u n d e r  the  same condi t ions .  
I n  t he  p r e sen t  paper ,  we show how  the  cap i l l a ry  f r a g m e n t s  
o b t a i n e d  b y  m e c h a n i c a l  d i s r u p t i o n  of b r a i n  t i ssue  as 
i n e v i t a b l e  c o n t a m i n a t i o n  can  unde rgo  morpho log ica l  
changes  in vi t ro ,  and  resu l t  in growing  cells of cap i l la ry  
origin.  F u r t h e r m o r e ,  these  cells show some h i s tochemica l  
cha rac te r i s t i c s  typ ica l  for t h e  endo t he l i a l  cells of b r a i n  
capil lar ies .  
Cerebra l  hemisphe res  f rom 3-day-old  r a t s  were d issocia ted  
in s ter i le  cond i t ions  b y  p u s h i n g  t he  minced  b r a i n  t i ssue  
t h r o u g h  n y l o n  sieves of 250 a n d  125 mesh  pore  sizes. 
F r a g m e n t s  be ing  a t t a c h e d  to t he  sieve were suspended  
in t issue cu l tu re  m e d i u m  and  p l a t ed  ou t  i m m e d i a t e l y  
on  t he  cover-sl ip,  accord ing  to t h e  cu l t u r e  m e t h o d  de- 
scr ibed in de ta i l  p rev ious ly  4. T h e  h o m o g e n a t e  o b t a i n e d  
was cen t r i fuged  a n d  processed f u r t h e r  as descr ibed  b y  
Jo6  and  K a r n u s h i n a  s for the  isola t ion of capi l lar ies  f rom 
b r a i n s  of a d u l t  an imals .  Af te r  d i f fe ren t i a l  a n d  dens i ty  
g r a d i e n t  cen t r i fuga t ions ,  t he  pe l le t  was r e s us pended  and  
in p a r t  seeded. The  u l t r a s t r u c t u r e  of t he  pe l le t  was  
checked  in t he  e lec t ron  microscope (figure 1). F r o m  the  
f r a g m e n t s  of d issocia ted  b ra in  t issue,  as expec ted ,  severa l  
d i f fe ren t  types  of ceils s t a r t e d  to  grow. A m o n g  t h e  neu-  
rona l  a n d  glial  cells, large ( abou t  25 ~ m  in d iameter )  
occas ional ly  e longated,  b u t  as a rule  r o u n d  a n d  f l a t  ceils 
were growing (figure 2). T he  same type  of cell of u n k n o w n  
n a t u r e  was also p r e s e n t  in those  cul tures ,  wh ich  were 
der ived  f rom the  pe l le t  of cen t r i fuga t ions .  I t  was  clear ly 

seen t h a t  w h e n  t he  sho r t  s egmen t s  or longer  n e t w o r k s  
of capi l lar ies  se t t l ed  in vi t ro ,  t he  large and  f la t  cells 
o r ig ina ted  f rom the  smal ler ,  e longa ted  cells of the  cap i l l a ry  
t ubes  t h e m s e l v e s  (figure 3). T h e  ceils of cap i l l a ry  or igin,  
poss ib ly  due to  t he i r  s t ronger  v iab i l i ty ,  h a v e  g rown fas t e r  
t h a n  o t h e r  cells a n d  w i t h i n  some days  (vary ing  f rom 2 to 
5 days)  formed a c o n t i n u o u s  m o n o l a y e r  (figure 2). Severa l  
n e u r o n a l  and  glial  cells were obse rved  to  grow l a t e r  on  
t he  surface  of the  monolayer ,  e s t ab I i sh ing  c o n t a c t s  e i the r  
w i th  each  o t h e r  or w i t h  t he  cap i l l a ry  cells. To cha rac t e r i ze  
t he  e n z y m e  p a t t e r n  in t i le cells of cap i l l a ry  origin,  h i s to-  
chemica l  r eac t ions  were pe r fo rmed .  Alka l ine  p h o s p h a t a s e  s 
and  dopa -deca rboxy la se  ac t iv i t i es  conf ined  to t he  cap i l l a ry  
wal l  h a v e  been  r ega rded  as cha rac t e r i s t i c  m a r k e r  e n z y m e s  
for t h e  e n d o t h e l i a l  cells of b r a i n  capil lar ies .  M a n y  la rge  
and  f la t  cells e x h i b i t e d  s t rong  a lka l ine  p h o s p h a t a s e  
a c t i v i t y  (figure 4), wh ich  could easi ly be  obse rved  a m o n g  
the  n o n r e a c t i v e  n e u r o n a l  a n d  glial  cells. The re  were, 
however ,  cells wh ich  did  no t  show a lka l ine  p h o s p h a t a s e  
ac t iv i ty ,  a l t h o u g h  t h e y  h a d  t he  cha rac t e r i s t i c s  of cap i l l a ry  
origin.  L -dopa  was t a k e n  up  to v a r y i n g  e x t e n t  b y  a l m o s t  
e v e r y  cell regard less  to  i ts  n a t u r e  a n d  or ig in  (f igure 5). 
Dopa-deca rboxy lase ,  t h o u g h  be l ieved  to ind ica te  a n  
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