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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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i m p o r t a n t  f u n c t i o n  c l o s e l y  r e l a t e d  to  t h e  b l o o d  b r a i n  
b a r r i e r  of  b r a i n  cap i l l a r i e s ,  c o u l d  n o t  be  u s e d  in  t h e  
i d e n t i f i c a t i o n  of  cel ls .  R o u t i n e  e l e c t r o n  m i c r o s c o p i c  in-  
v e s t i g a t i o n  of  t h e  c u l t u r e s  r e v e a l e d  t h a t ,  a m o n g  o t h e r  
cel ls ,  t h e r e  w e r e  l a r g e  cel ls  s h o w i n g  f e a t u r e s  c h a r a c t e r i s t i c  
of  e n d o t h e l i a l  o r ig in .  D e t a i l e d  d e s c r i p t i o n  of  t h e  u l t r a -  
s t r u c t u r a l  h i s t o c h e m i c a l  l o c a l i z a t i o n  of  t h e  e n z y m e s  wil l  
be  g i v e n  e l s e w h e r e .  
I t  is c o n c e i v a b l e  t h a t ,  in d i s s o c i a t e d  b r a i n  c u l t u r e s  p r e -  
p a r e d  w i t h  t h e  c o n v e n t i o n a l  u s e  of  45 v m  n y l o n  s ieve ,  
s e g m e n t s  of  c a p i l l a r y  t u b e s  we re  f r a g m e n t e d  i n t o  s m a l l e r  
u n i t s  w h i c h  c a u s e d  s o m e  d i f f i cu l t i e s  in  t i le  i d e n t i f i c a t i o n  
of  t h e  cel ls  of  c a p i l l a r y  o r ig in .  I t  m a y  h a v e  b e e n  m i s l e a d i n g  
t h a t ,  in  i m m u n o h i s t o c h e m i c a l  s t u d i e s ,  cel ls  w i t h  m o r -  
p h o l o g i c a l  f e a t u r e s  s i m i l a r  to  t h e  e n d o t h e l i a l  ce l ls  h a v e  
b e e n  f o u n d  t o  r e a c t  w i t h  a n t i b o d y  r a i s e d  a g a i n s t  g l ia l  

Fig. 1. Ultrastructural view of the capillary fraction of the centrifu- 
gate. A transverse section of a capillary wall (C) is seen in the upper 
middle part. 2 nuclei of the endothelial cells (E) are seen. Scale 
bar 5 ~xm. 

Fig. 2. A monolayer of flat, rounded or elongated cells has formed 
after 12 days'  culture. The cells were cultivated from the fragments 
harvested from the nylon mesh. Phase contrast microscopy. Scale 
bar 10 txm. 

Fig. 3. A piece of capillary tube is observed after 2 days'  culture by 
the phase contrast microscopy. Scale bar 10 ~m. 

Fig. 4. Light microscopic alkaline phosphatase activity is localized 
in the cytoplasm of a large, flat, most probably endothelial cell 
(indicated by arrows). The surrounding cells show no enzyme ac- 
t ivity in their cytoplasm (n = nucleus). Scale bar 10 ~xm. 

Fig. 5. Glyoxylic acid induced fluorescence after L-dopa treatment  of 
14-day-old cultures. The cells originate from the fragments, which 
were attached to the nylon mesh. Granular fluorescence is noticed 
in all cultured cells. 2% glyoxylic acid t reatment  for 5 rain, drying 
and heating thereafter for 5 min at 100 ~ Scale bar 10 gm.  
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f ibri l lary acidic pro te in  and  in te rp re ted  as as t rocy tes  s. 
However ,  the  d e m o n s t r a t i o n  of capi l lary origin and  the  
presence of marke r  enzyme,  alkaline phospha tase ,  be ing 
charac ter i s t ic  of the  endothe l ia l  cells, r ender  i t  possible 
t h a t  t he  original  t issue used as an t igen  was in par t i  
con t amina t ed  by  capillaries. Ano the r  possible in te rp re ta -  
t ion  could be t h a t  the  cells growing in cul tures  wi th  ve ry  
similar morphologica l  charac ter i s t ics  m a y  be composed  
of 2 types :  one reac t ing  wi th  tile ant ibodies  of glial 
f ibri l lary acidic protein ,  and  ano the r  showing alkaline 
phospha t a se  posi t iv i ty .  Before per forming  biochemical  
exper iments ,  one has to be cer ta in  of the  cell popu la t ion  
of cultures.  The d e m o n s t r a t i o n  of alkaline p h o s p h a t a s e  
in ceils of endothe l ia l  origin m a y  be of help  ill de t e rmin ing  
the  rat ios be tween  cells growing in vitro.  

The cur ren t  s t a t e  of knowledge of neura l  dissociat ion 
has  been claimed 3 to be still  far f rom sat isfactory.  Our 
resul ts  showed tha t ,  a f ter  mechanica l  dissociat ion of b ra in  
tissue, viable  cells of capi l lary  origin, whose  na tu re  was 
evidenced as endothe l ia l  cells, were p re sen t  in the  cul tures.  
Keeping  in mind  the  i m p o r t a n t  t r a n s p o r t  processes  
under ly ing  the  complex  regula tory  func t ion  of the  blood 
bra in  barrier,  a t t e m p t s  are made  to  obta in  cu l t u r e s  
consis t ing ma in ly  of endothe l ia l  cells in the  hope  of 
using t h e m  as a novel  app roach  in fu r the r  studies.  

7 A. Bertler, B. Fatck, Ch. 0wman and E. Rosengren, Pharmac. 
Rev. 18, 369 (1966). 
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Summary. Monolayer  cul tures  of normal ,  p reneoplas t ic  and neoplas t ic  mur ine  m a m m a r y  epi thel ia l  cells were exposed  
to var ious  t y p e s  of m a m m a l i a n  serum. A progress ive  decline in levels of t h y m i d i n e  incorpora t ion  toge the r  wi th  a change  
in the  order ing of sera which  s t imula tes  op t ima l  incorpora t ion  was observed in the  t r a n s f o r m e d  cells. 

Monolayer  cul tures  of normal  mouse m a m m a r y  epithel ial  
cells (MMEC) respond to the  presence of se rum by  in- 
creasing a) the i r  levels of DNA synthes is  2-4, b) mi to t ic  
ra tes  5 and c) f inal  cell densi t ies  6. Tumor  cells ob ta ined  
f rom spon taneous ly  arising (MTV-induced) m a m m a r y  
adenocarc inomas  respond  in a similar m a n n e r  7-8, How-  
ever, cul tures  or ig inat ing  f rom cells of the  preneoplas t ic ,  
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Histogram showing levels of incorporation of aH-thymidine in the 
presence of various types of mammalian serum on normal, preneo- 
plastic and neoplastic mammary epithelial cells. Each value represents 
the average of 4 determinations. SEM for each value is indicated by 
the bars. 

hyperp las t i c  alveolar  nodule  (probably  NIV-induced)  have  
no t  ye t  been examined .  Al though  i t  is general ly  known  
t h a t  bo th  normal  and ab n o rma l  m a m m a r y  cells synthes ize  
grea te r  amoun t s  of DNA in the  presence  of serum, we 
sought  here to compare  the  degrees of respons iveness  to  
var ious  types  of m a m m a l i a n  sera under  o therwise  ident ica l  
cell cul ture  condit ions.  The resul ts  of these  expe r imen t s  
form the  sub jec t  of th is  repor t .  
Material and methods. Normal  MMEC were ob ta ined  f rom 
the  glands  of 16-17-day p r e g n a n t  BALB/c fC3H mice 
(Cancer Research  Labora to ry ,  Berkeley,  California). Pre-  
neoplas t ic  cells were col lected f rom p r i m a r y  hyperp las t i c  
o u t g r o w t h  (HOG) of a nodule  arising spon taneous ly  in an 
8 -10-month-o ld  mouse,  whereas  t u m o r  cells were ob ta ined  
f rom a m a m m a r y  adenoca rc inoma  arising f rom a s imilar  
HOG, b o t h  f rom BALB/c fC3H mice. Normal  and preneo-  
plast ic  t issues were enzymat i ca l ly  dissocia ted as p rev ious ly  
descr ibed 9. Neoplas t ic  t issue was minced  and dissociated 
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