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CELL MEMBRANE F LU ID IT Y  IN BLAST CELLS OF CHILDREN WITH ACUTE

LEUKAEMIA
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D e p a r t m e n t s  o f  P a e d i a t r i c s  and 2 B i o p h y s i c s ,  U n i v e r s i t y  M e d i c a l  
S c h o o l  D e b r e c e n ,  H u n g a r y

R e c e i v e d  8 F e b r u a r y  1989

Plasma membrane f l u i d i t y  has  been i n v e s t i g a t e d  by 
d e t e r m i n i n g  s t e a d y - s t a t e  f l u o r e s c e n c e  p o l a r i z a t i o n  (F P )  
o f  t h e  a p o l a r  s t a i n  1 , 6 , - d i p h e n y l - 1 , 3 , 5 , - h e x a t r i e n e  i n  
i n t a c t  b l a s t  c e l l s ,  s e p a r a t e d  f r o m  p e r i p h e r a l  b l o o d  and'  
bone m a r ro w  o f  c h i l d r e n  w i t h  v a r i o u s  t y p e s  o f  a c u t e  
l e u k a e m i a .  F P - v a l u e s  o f  b l a s t  c e l l s  t a k e n  b e f o r e  
a n t i l e u k a e m i c  t h e r a p y  were com pa re d  w i t h  F P - v a l u e s  o f  
p e r i p h e r a l  b l o o d  and bone ma r r ow  m o n o n u c l e a r  c e l l s  
s e p a r a t e d  f r o m  p a t i e n t s  i n  c o m p l e t e  r e m i s s i o n  as w e l l  
as f r o m  c o n t r o l  p a t i e n t s  and  f r o m  h e a l t h y  v o l u n t e e r s .  
M o r e o v e r ,  f l u o r e s c e n c e  p o l a r i z a t i o n  me asu re m en ts  were  
a l s o  p e r f o r m e d  u s i n g  b l a s t  c e l l s  o f  l e u k a e m i c  p a t i e n t s  
on s h o r t - t e r m  s i n g l e - d r u g  p r e d n i s o l o n e  p r e t r e a t m e n t . 
The r e s u l t s  have  shown t h a t  u n t r e a t e d  b l a s t  c e l l s  have  
s i g n i f i c a n t l y  l o w e r  F P - v a l u e s  t h a n  n o rm a l  m o n o n u c l e a r  
c e l l s  o f  p e r i p h e r a l  b l o o d  o r  bone m a r r o w .  No 
c o m p a r t m e n t  d i f f e r e n c e  has  been  o b s e r v e d  w i t h i n  b l a s t  
c e l l s ,  w h i l e  n o r m a l  m o n o n u c l e a r  c e l l s  f r o m  p e r i p h e r a l  
b l o o d  ha ve  s i g n i f i c a n t l y  h i g h e r  F P - v a l u e s  t h a n  bone 
mar row c e l l s .  F P - v a l u e s  o f  c e l l s  s e p a r a t e d  i n  r e m i s s i o n  
o r  d u r i n g  p r e d n i s o l o n e  t r e a t m e n t  do n o t  d i f f e r  f r o m  
c o n t r o l  v a l u e s .

INTRODUCTION
I

I t  i s  w i d e l y  a c c e p t e d  t h a t  d e v e l o p m e n t  o f  t u m o u r s  e v o l v e s  

i n  s e v e r a l  s t e p s .  The mechan isms by w h i c h  t r a n s f o r m e d  c e l l s  

es c a p e  t h e  c o n t r o l  o f  p h y s i o l o g i c  e x t r a c e l l u l a r  s i g n a l s  a r e  

p a r t i c u l a r l y  i m p o r t a n t .  T h i s  t y p e  o f  communicat ion b e t w e e n  t h e  

c e l l  and i t s  e n v i r o n m e n t  t a k e s  p l a c e  a t  t h e  c y t o p l a s m i c  

membrane.  P r e v i o u s  s t u d i e s  have  s u g g e s t e d  t h a t  p l asma membrane 

l i p i d  f l u i d i t y  i s  o f  u t m o s t  s i g n i f i c a n c e  i n  t r a n s m e m b r a n e
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s i g n a l l i n g  and t r a n s p o r t  / 1 6 / .  T hough  t h e  e x a c t  r e l a t i o n s h i p  

b e t w e e n  o n c o g e n e s i s  and membrane f l u i d i t y  i s  n o t  y e t  c l e a r ,  

m i c r o v i s c o s i t y , a t e r m  c h a r a c t e r i s i n g  b o t h  s t r u c t u r a l  and 

d i f f u s i o n  p r o p e r t i e s  o f  t h e  l i p i d  compounds o f  t h e  p la s m a  

m e m b ra n e ,  i s  e x p e c t e d  t o  p l a y  an i m p o r t a n t  r o l e  i n  g o v e r n i n g  

n o r m a l  and a b n o r m a l  g r o w t h  and d i f f e r e n t i a t i o n  o f  h a e m o p o i e t i c  

c e l l s  / 4 - 9 ,  12,  17 ,  1 8 / .  M o r e o v e r ,  s u r f a c e  membrane f l u i d i t y  o f  

t u m o u r  c e l l s  has  been  shown t o  be an i m p o r t a n t  f a c t o r  i n  

d e t e r m i n i n g  t h e i r  a b i l i t y  t o  r e s i s t  t o  o r  t o  escape  immune 

k i l l i n g  o f  humo ra l  f a c t o r s  / 1 0 ,  1 9 /  o r  im m unocom pe te n t  c e l l s  

/ 1 1 ,  2 0 / .  P r e v i o u s  s t u d i e s  on n o r m a l  and l e u k a e m i c  c e l l  

p o p u l a t i o n s  have p o i n t e d  t o  a c o r r e l a t i o n  be tween membrane 

f l u i d i t y  and a c t i v i t y  o f  t h e  d i s e a s e  / 1 / .

I n  t h i s  s t u d y ,  p lasma membrane f l u i d i t y  o f  b l a s t i c  

m o n o n u c l e a r  c e l l s ,  o b t a i n e d  f r om  p e r i p h e r a l  b l o o d  and f r o m  bone  

m a r r o w  o f  a c u t e  l e u k a e m i c  c h i l d r e n  e i t h e r  b e f o r e  i n t r o d u c t i o n  

o f  t h e r a p y  o r  i n  r e m i s s i o n ,  has been  i n v e s t i g a t e d  and c o m p a r e d  

w i t h  m o n o n u c l e a r  c e l l s  s e p a r a t e d  f r o m  h e a l t h y  a d u l t  v o l u n t e e r s  

and  f r o m  c h i l d r e n  w i t h  n o n m a l i g n a n t  d i s o r d e r s .  Plasma membrane 

f l u i d i t y  was s t u d i e d  by u s i n g  1 , 6 , - d i p h e n y 1 - 1 , 3 , 5 , - h e x a t r i e n e  

(DPH)  , one o f  t h e  m o s t  c u r r e n t  f l u o r e s c e n t  membrane m a r k e r s  

( 1 5 ,  1 3 ) .

PATIENTS AND METHODS

P a t i e n t s
P e r i p h e r a l  b l o o d  and bone marrow w e re  t a k e n  f r o m  18 c h i l d r e n  

w i t h  a c u t e  l y m p h o i d  l e u k a e m i a  and f r o m  7 c h i l d r e n  w i t h  a c u t e  
m y e l o i d  l e u k a e m i a .  I n  17 c a s e s ,  s a m p l e s  w ere  t a k e n  b o t h  a t  t h e  
o n s e t  o f  t h e  d i s e a s e  and d u r i n g  c o m p l e t e  r e m i s s i o n .  I n  
a d d i t i o n ,  5 l o n g - t e r m  s u r v i v o r s  were i n c l u d e d  i n  t h e  r e m i s s i o n  
g r o u p .  D i a g n o s i s  was based  on p a n o p t i c a l l y  s t a i n e d  s m e a r s  as 
w e l i  as  on c y t o c h e m i c a l  and i m m u n o l o g i c a l  r e a c t i o n s .  P e r i p h e r a l  
b l o o d  s a m p l e s  o f  10 p a t i e n t s  on s h o r t - t e r m  s i n g l e - d r u g  p r e d n i ­
s o l o n e  p r e t r e a t m e n t  on t h e  second  t o  f o u r t h  day o f  t r e a t m e n t  
w e re  a l s o  s t u d i e d .

The  c o n t r o l  g r o u p  c o n s i s t e d  o f  h e a l t h y  young a d u l t  v o l u n ­
t e e r s  and  c h i l d r e n  w i t h  n o n m a l i g n a n t  d i s o r d e r s  ( immune t h r o m b o ­
c y t o p e n i c  p u r p u r a ,  i n f e c t i o u s  m o n o n u c l e o s i s ,  o t h e r  v i r a l  i n f e c ­
t i o n s ,  p y e l o n e p h r i t i s  and r e c o v e r y  a f t e r  t r a n s i e n t  
n e u t r o p e n i a ) .  I n  e a c h  c a s e ,  bone  ma r r ow  a s p i r a t i o n  was 
p e r f o r m e d  t o  e x c l u d e  a m a l i g n a n t  d i s e a s e .  I n  t h e s e  p a t i e n t s
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bone ma r r ow  smears  i n d i c a t e d  n o r m a l  o r  m e g a k a r y o c y t i c  
h a e m o p o i e s i s .
C e l l  s e p a r a t i o n

M o n o n u c l e a r  c e l l s  were  s e p a r a t e d  f r o m  h e p a r a n i z e d  b l o o d  and 
bone  m ar r ow  a s p i r a t e  by Lym phop re p  (Nycomed AS, O s l o ,  N o r w a y )  
g r a d i e n t  c e n t r i f u g a t i o n  a c c o r d i n g  t o  Boyum / 3 / ,  washed  t w i c e  
w i t h  p h o s p h a t e  b u f f e r e d  s a l i n e ,  pH 7 . 4  (PBS; G i b c o )  and d i l u t e d  
t o  t h e  a p p r o p r i a t e  c o n c e n t r a t i o n .  V i a b i l i t y  o f  t h e  c e l l s  was 
a l w a y s  o v e r  95 % as d e t e c t e d  by t h e  t r y p a n  b l u e  ( S e r v a )  
e x c l u s i o n  m e t hod .  O n l y  f r e s h  c e l l s  were  used  f o r  t h e  f u r t h e r  
p r o c e d u r e s .

L a b e l l i n g  t h e  c e l l s
DPH ( S i g m a )  was d i s s o l v e d  i n  t e t r a h y d r o f u r a n  ( S e r v a ) ,  

2 X 1 0 - -5 m o l / L .  0 . 1  mL o f  t h i s  DPH s t o c k  s o l u t i o n  was f u r t h e r  
d i l u t e d  i n  100 mL PBS, a p p l y i n g  v i g o r o u s  s t i r r i n g  a t  room 
t e m p e r a t u r e .  The c l e a r  DPH d i s p e r s i o n  e x h i b i t e d  no 
f l u o r e s c e n c e .  A vo lu m e  o f  2 . 0  mL c e l l  s u s p e n s i o n  i n  PBS was 
i n c u b a t e d  w i t h  2 . 0  mL DPH d i s p e r s i o n  a t  37 °C f o r  15 m i n .  The 
l a b e l l e d  c e l l s  were  t h e n  washed t w i c e  w i t h  PBS, r e s u s p e n d e d  i n  
PBS a t  a c o n c e n t r a t i o n  o f  a p p r o x i m a t e l y  5 x 105 c e l l s / m L ,  t o  
r e d u c e  b i a s  due t o  s c a t t e r e d  l i g h t .  A l l  samp le s  were  m e a s u r e d  
i m m e d i a t e l y  a f t e r  l a b e l l i n g .

S t e a d y - s t a t e  f l u o r e s c e n c e  p o l a r i z a t i o n
F l u o r e s c e n c e  was m easur ed  i n  a H i t a c h i  MPF-4 f l u o r e s c e n c e  

s p e c t r o p h o t o m e t e r  e q u i p p e d  w i t h  p o l a r i z e r s  o f  360 nm e x c i t a t i o n  
and 425 nm e m i s s i o n  w a v e l e n g t h s .  M e a s u r e m e n ts  were p e r f o r m e d  i n  
t h e r m o s t a t e d  s i l i c a  c e l l s  a t  25 °C and a t  37 °C.

F l u o r e s c e n c e  p o l a r i z a t i o n  (F P )  and f l u o r e s c e n c e  a n i s o t r o p y  
( r )  w e re  c a l c u l a t e d  as f o l l o w s :

FP  = ! y y  -  GlyH f r  = 1VV -  G I VH
iy y  + G IVH Iy y  + 2G Ivh

w here  I y w  and I y u  s t a n d  f o r  f l u o r e s c e n c e  i n t e n s i t i e s  m e a s u r e d  
w i t h  v e r t i c a l  and h o r i z o n t a l  a n a l y z e r s ,  r e s p e c t i v e l y ,  k e e p i n g  
t h e  p o l a r i z e r  i n  v e r t i c a l  p o s i t i o n ,  and G i s  t h e  c o r r e c t i o n  
f a c t o r  (G = I HV/ I HH) .

M i c r o v i s c o s i t y  was c a l c u l a t e d  a c c o r d i n g  t o  P e r r i n ' s  e q u a t i o n :  

r 0 = 1 + C ( r )  ТГ

w he re  r g  = 0 . 3 6 2  s t a n d s  f o r  t h e  r a t e  l i m i t i n g  f l u o r e s c e n c e  
a n i s o t r o p y ,  г  f o r  c a l c u l a t e d  f l u o r e s c e n c e  a n i s o t r o p y  o f  t h e  
s a m p l e ,  * i  i s  m i c r o v i s c o s i t y  o f  t h e  medium i n  w h i c h  DPH m o l e ­
c u l e s  a r e  embedded,  C ( r )  = 8 . 5  x 104 P a s c a l  x deg - -*- x s e c -  , i s  
a p a r a m e t e r  t h a t  r e l a t e s  t o  m o l e c u l a r  shape o f  t h e  f l u o r o p h o r e ,  
T i s  a b s o l u t e  t e m p e r a t u r e ,  and ?  i s  t h e  e x c i t e d  s t a t e  l i f e ­
t i m e  o f  DPH, as e s t i m a t e d  d i r e c t l y  f r o m  t h e  t e m p e r a t u r e  p r o f i l e  
o f  f l u o r e s c e n c e  i n t e n s i t y  a s s u m i n g  a l i m i t i n g  v a l u e ,  7  0 = 1 1 . 4  
n s e c  a t  0 ° C , as d e t e r m i n e d  by S h i n i t z k y  and B a r e n h o l z  / 1 3 / .  
F l u o r e s c e n c e  p o l a r i z a t i o n  (F P )  i s  d i r e c t l y  r e l a t e d  t o  m i c r o v i s -



294 C. Kiss et a l

c o s i t y  ( + y )  and b o t h  e x h i b i t  an i n v e r s e  r e l a t i o n s h i p  t o  s u r f a c e  
membrane f l u i d i t y .

D a t a  a n a l y s i s
Mean and s t a n d a r d  d e v i a t i o n  (SD)  v a l u e s  o f  FP w ere  c a l c u ­

l a t e d .  The l e v e l  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  was e s t i m a t e d  by 
S t u d e n t ' s  t - t e s t .

RESULTS

S t e a d y - s t a t e  f l u o r e s c e n c e  p o l a r i z a t i o n  o f  DPH l a b e l l e d  

m o n o n u c l e a r  c e l l  s u s p e n s i o n s  s e p a r a t e d  f r o m  a c u t e  l e u k a e m i c  

c h i l d r e n  were s t u d i e d  a t  m a n i f e s t a t i o n  o f  t h e  d i s e a s e  and 

d u r i n g  r e m i s s i o n ,  as compared t o  t h a t  o f  c o n t r o l  p e r s o n s .  The 

F P -  and ♦ t . - v a l u e s ,  o f  b l o o d  c e l l s  o f  p a t i e n t s  and o f  c o n t r o l  

p e r s o n s  a re  s u m m a r i z e d  i n  T a b le  I .  As shown i n  t h e  t a b l e ,  t h e r e  

i s  no s i g n i f i c a n t  d i f f e r e n c e  1)  b e t w e e n  F P - v a l u e s  o f  t h e  

p e r i p h e r a l  b l o o d  b l a s t  c e l l s  and o f  t h e  bone marrow c e l l s  o f  

l e u k a e m i c  c h i l d r e n ;  2 )  be tween F P - v a l u e s  o f  t h e  p e r i p h e r a l  

b l o o d  m o n o n u c l e a r  c e l l s  s e p a r a t e d  f r o m  p a t i e n t s  i n  r e m i s s i o n  

and  f r o m  c o n t r o l  p e r s o n s ;  and 3 )  b e tw e e n  F P - v a l u e s  o f  bone 

m a r r o w  m o n o n u c l e a r  c e l l s  o f  t h e  l a t t e r  two  g r o u p s .  T h e r e f o r e ,  

t h e  c o r r e s p o n d i n g  d a t a  were c o l l a p s e d  and t h r e e  g r o u p s  were  

f o r m e d  f o r  f u r t h e r  s t a t i s t i c a l  a n a l y s i s :  1 ) l e u k a e m i c  b l a s t  

c e l l s ,  i . e .  c e l l s  s e p a r a t e d  f r o m  p e r i p h e r a l  b l o o d  and bone 

m a r r o w  o f  p a t i e n t s  b e f o r e  t h e r a p y ,  2 )  n o r m a l  p e r i p h e r a l  b l o o d  

m o n o n u c l e a r  c e l l s ,  o b t a i n e d  f r om  p a t i e n t s  i n  r e m i s s i o n  and f r o m  

c o n t r o l  p e r s o n s ,  and  3) n o rm a l  bone  mar row c e l l s ,  o b t a i n e d  

f r o m  p a t i e n t s  i n  r e m i s s i o n  and f r o m  c o n t r o l  p e r s o n s .  The 

f l u o r e s c e n c e  p a r a m e t e r s  o f  t h e s e  t h r e e  g r o u p s  a r e  shown i n  

T a b l e  I I .  As i t  can  be seen f r o m  t h e  t a b l e ,  mean F P - v a l u e s  o f  

l e u k a e m i c  b l a s t  c e l l s  a re  s i g n i f i c a n t l y  s m a l l e r  t h a n  mean FP- 

v a l u e s  o f  n o r m a l  m o n o n u c l e a r  c e l l s  e i t h e r  o f  t h e  p e r i p h e r a l  

b l o o d  o r  o f  t h e  bone  mar row,  a t  25 °C and 37 °C a l i k e .  

M o r e o v e r ,  mean F P - v a l u e s  o f  n o rm a l  p e r i p h e r a l  b l o o d  m o n o n u c l e a r  

c e l l s  a r e  s i g n i f i c a n t l y  g r e a t e r  t h a n  t h e  c o r r e s p o n d i n g  

p a r a m e t e r s  o f  n o r m a l  bone mar row  m o n o n u c l e a r  c e l l s ,  b o t h  a t  

25 °C and 37 ° C .  T a b l e  I I I  shows t h e  F P - v a l u e s  o f  c e l l s



TABLE I

Fluorescence p o la r iz a t io n  and membrane m ic ro v is c o s ity  ( *b) o f DPH-labelled mononuclear (MN) c e l ls ,  separated 
from p e rip h e ra l blood o r bone marrow o f acute leukaemic c h ild re n  a t the onset o f the d isease; the 

corresponding data obta ined in  c o n tro l persons are a lso g iven

25 °C Temperature 37 °C

In ve s tig a te d  c e l ls  
(Number o f c e l ls )

Fluorescence p o la r iz a t io n *V(Poise)
mean

Fluorescence p o la r iz a t io n *l/(P o ise )
meanrange mean +_ SD range mean +_ SD

Leukaemic b la s t c e l ls ,  
p e rip h e ra l blood (24) 0.160-0.254 0.207+0.020a 1.B47 0.143-0.236 0.182+0.022d 1.375

Leukaemic b la s t c e l ls ,  
bone marrow (21) 0.166-0.244 0.204+0.019a 1.785 0.151-0.222 0.130+0.018d 1.342

P e rip h e ra l blood 
MN c e l ls  o f p a tie n ts  
in  rem iss ion  (22)

0.226-0.303 0.267+0.020b 3.084 0.209-0.283 0.238+0.013e 2.221

P e rip h e ra l blood 
MN c e l ls  o f 0.243-0.295 0.266+0.015b 3.034 0.199-0.277 0.234+0.020e 2.149
c o n tro l persons (37)

Bone marrow 
MN c e l ls  o f p a tie n ts 0.225-0.280 0.251+0.016c 2.670 0.189-0.243 0.216+0.017f 1.837
in  rem ission (12)

Bone marrow 
MN c e l ls  o f 0.226-0.277 0.250+0.015c 2.670 0.199-0.223 0.214+0.009f 1.817
c o n tro l persons (13)

a -f in d ic a te  th a t the re  is  no s ig n if ic a n t  d iffe re n c e  between the  corresponding groups
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TABLE I I

Fluorescence p o la r iz a t io n  and membrane m ic ro v is c o s ity  (+ j,) o f DPH-labelled leukaemic b la s t c e l ls  and normal 
mononuclear (MN) c e l ls  separated from p e rip h e ra l b lood and bone marrow

In v e s tig a te d  c e l ls  
(Number o f c e l ls )

Fluorescence
range

p o la r iz a t io n  < 
mean +_ SD

►V(Poise)
mean

Fluorescence
range

p o la r iz a t io n  
mean _+ SO

■V(Poise)
mean

Leukaemic
b la s t
c e l ls  (45)

0.160-0.254 0.206+0.019a >b 1.826 0.143-0.236 0.131+0.020d >e 1.359

Normal MN c e l ls  
separated from the 
p e r ip h e ra l blood (59)

0.226-0.303 0.266+0.017a >c 3.084 0.199-0.283 0.236+0.019d >f 2.173

Normal MN c e l ls  
separated from the 0.225-0.295 0.251+0.015b >c 2.670 0.189-0.243 0.215+0.013e >f 1.817
bone marrow (25)

a" f  in d ic a te  s a t i s t i c a l ly  s ig n if ic a n t  d iffe re n c e s  ( p <0 .001 ) between the  corresponding groups
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s e p a r a t e d  f r o m  t h r e e  p a r t i c u l a r  p a t i e n t s .  Sample s  1 and 2 a r e

TABLE I I I

F l u o r e s c e n c e  p o l a r i z a t i o n  o f  D P H - l a b e l l e d  m o n o n u c l e a r  (MN) c e l l s  

s e p a r a t e d  f r o m  t h r e e  p a r t i c u l a r  p a t i e n t s  w i t h  a c u t e  l y m p h o i d

l e u k a e m i a

F l u o r e s c e n c e  

p o l a r i z a t i o n  a t

Sample Case 25 °C 37 °C

1 . P e r i p h e r a l  b l o o d i s o l a t e d

MN c e l l s m e n i n g e a l  r e l a p s e 0 .2 7 4 0 . 2 4 2

2 . Bone mar row i s o l a t e d

MN c e l l s m e n i n g e a l  r e l a p s e 0 . 2 6 5 0 . 2 3 1

3. P e r i p h e r a l  b l o o d i s o l a t e d

MN c e l l s bone r e l a p s e 0 . 2 6 2 0 . 2 3 8

4 . P e r i p h e r a l  b l o o d a l e u k a e m i c

MN c e l l s m a n i f e s t a t i o n 0 .3 1 1 0 . 2 6 9

m o n o n u c l e a r  c e l l s  i s o l a t e d  f r o m  p e r i p h e r a l b l o o d and bone

mar row a boy a f f e c t e d  by i s o l a t e d  m e n i n g e a l  r e l a p s e  compl i ca t ing  

o f  a c u t e  l y m p h o i d  l e u k a e m i a .  Sample 3 r e p r e s e n t s  t h e  p e r i p h e r a l  

b l o o d  m o n o n u c l e a r  c e l l  s u s p e n s i o n  o f  a g i r l  w i t h  a c u t e  l y m p h o i d  

l e u k a e m i a  i n  i s o l a t e d  bone r e l a p s e .  Sample  4 r e p r e s e n t s  t h e  

p e r i p h e r a l  b l o o d  m o n o n u c l e a r  c e l l  s u s p e n s i o n  o f  a boy a f f e c t e d  

by a c u t e  l y m p h o i d  l e u k a e m i a  i n  r e l a p s e  w i t h  an a l e u k a e m i c  

m a n i f e s t a t i o n .  The common f e a t u r e  o f  t h e s e  sa m p le s  was t h a t  

t h e y  were f r e e  o f  a t y p i c a l  b l a s t  c e l l s ,  as ch e cke d  e i t h e r  by 

p a n o p t i c a l  sm ea rs  o r  by u s i n g  m o n o c l o n a l  a n t i b o d i e s .  These  FP-  

v a l u e s  were s i m i l a r  t o  c o n t r o l  v a l u e s .  H o w e v e r ,  c e l l s  o f  t h e  

i n f i l t r a t e d  bone  ma r r ow  o f  t h e  p a t i e n t  w i t h  p e r i p h e r a l  a l e u k i a  

were  c h a r a c t e r i z e d  by low  F P - v a l u e s  ( 0 . 1 9 2  and 0 . 1 7 5  a t  25 °C 

and 37 °C ,  r e s p e c t i v e l y ) .

10 p a t i e n t s  w i t h  a c u t e  l y m p h o i d  l e u k a e m i a  were  g i v e n  a 

s h o r t - t e r m  c o u r s e  o f  s i n g l e - d r u g  p r e d n i s o l o n e  p r e t r e a t m e n t .  

M o n o n u c l e a r  c e l l s  w ere  s e p a r a t e d  f r o m  t h e  p e r i p h e r a l  b l o o d  on
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t h e  second  t o  f o u r t h  day o f  t h i s  t r e a t m e n t .  The c e l l  

s u s p e n s i o n s  c o n t a i n e d  6 5 - 8 0  % a t y p i c a l  b l a s t  c e l l s  a t  t h a t  

t i m e .  F l u o r e s c e n c e  p o l a r i z a t i o n  m ea su r e m e n ts  w ere  p e r f o r m e d  

o n l y  a t  37 °C b e c a u s e  o f  t h e  g r e a t  d e c r e a s e  i n  p e r i p h e r a l  b l o o d  

b l a s t  c e l l s  due t o  t r e a t m e n t .  As shown i n  T a b l e  IV  , t h e  mean 

F P - v a l u e  o f  t h e s e  c e l l s  i s  s i g n i f i c a n t l y  h i g h e r  t h a n  t h e  mean 

o f  l e u k e m i c  b l a s t  c e l l s  b e f o r e  t h e r a p y  w h i l e  i t  does  n o t  d i f f e r  

f r o m  t h e  c o r r e s p o n d i n g  n o r m a l  v a l u e .

TABLE IV

I n c r e a s e  i n  f l u o r e s c e n c e  p o l a r i z a t i o n  and i n  membrane 

m i c r o v i s c o s i t y  ( ) d u r i n g  p r e d n i s o l o n e  p r e t r e a t m e n t

T e m p e r a t u r e :  37 °C

I n v e s t i g a t e d  c e l l s  F l u o r e s c e n c e  p o l a r i z a t i o n  * j , ( P o i s e )

(N u m b e r  o f  c a s e s )  mean +_ SD mean

L e u k a e m i c  b l a s t  c e l l s  d u rin g
P r e d n i s o l o n e  p r e t r e a t m e n t  0 . 2 3 3  + 0 . 0 1 0 a 2 . 1 4 9

( 10 )

L e u k a e m i c  b l a s t  c e l l s  b e f o r e
c y t o t o x i c  t r e a t m e n t  ( 4 5 )  0 . 1 8 1  +_ 0 . 0 2 0 a 1 . 3 5 9

N o r m a l  m o n o n u c l e a r  c e l l s  
o f  t h e  p e r i p h e r a l  b l o o d

( 5 9 )  0 . 2 3 6  £  0 . 0 1 9  2 . 1 7 3

a i n d i c a t e s  s t a t i s t i c a l l y  s i g n i f i c a n t  d i f f e r e n c e  ( p <  0 . 0 0 1 )

DISC U SSIO N

S i n c e  th e  o r i g i n a l  o b s e r v a t i o n  by S h i n i t z k y  and I n b a r  / 1 5 /  

many o t h e r  s t u d i e s  ha ve  a l s o  c o n f i r m e d  t h a t  l e u k a e m i c  b l a s t  

c e l l s  have  a more f l u i d ,  i . e .  l e s s  v i s c o u s  p lasma membrane t h a n  

n o r m a l  l y m p h o c y t e s .  H o w e v e r ,  d a t a  a r e  somewhat  c o n t r o v e r s i a l  

a b o u t  t h e  q u e s t i o n  w h i c h  p a r a m e t e r s  c h a r a c t e r i z e  b e s t  membrane 

f l u i d i t y  and what  t h e i r  p o s s i b l e  i m p o r t a n c e  i s .  D i s s e n t  can  be 

a s c r i b e d  t o  d i f f e r e n c e s  i n  t h e  s o u r c e  o f  t h e  l e u k a e m i c  b l a s t
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c e l l s :  e s t a b l i s h e d  c e l l  l i n e s  and p r i m a r y  b l a s t  c e l l s  were  

s e p a r a t e d  f r o m  d i f f e r e n t  c o m p a r t m e n t s ;  f r o m  p e r i p h e r a l  b l o o d ,  

bone  mar row  o r  l y mph  n o d e .  I n  a d d i t i o n ,  v a r i o u s  s e p a r a t i o n  

m e t h o d s  were  a p p l i e d :  i n t a c t  c e l l s  o r  membrane f r a g m e n t s  were 

s t u d i e d .  F u r t h e r ,  v a r i o u s  dyes  and i n c u b a t i o n  t i m e s  w e r e  used 

f o r  l a b e l l i n g .  T h e r e f o r e ,  we d e c i d e d  t o  i n v e s t i g a t e  s t e a d y -  

s t a t e  f l u o r e s c e n c e  p o l a r i z a t i o n  o f  D P H - l a b e l l e d , f r e s h l y  

i s o l a t e d ,  i n t a c t  b l a s t  c e l l s  s e p a r a t e d  f r o m  p e r i p h e r a l  b l o o d  

and bone mar row o f  a c u t e  l e u k a e m i c  c h i l d r e n .  We d e t e r m i n e d  and 

co m pa re d  membrane f l u i d i t y  p a r a m e t e r s  a t  t h e  o n s e t  o f  d i s e a s e ,  

d u r i n g  s h o r t - t e r m  s i n g l e - d r u g  p r e d n i s o l o n e  p r e t r e a t m e n t ,  and i n  

r e m i s s i o n .  P a r t i c u l a r  c a r e  was t a k e n  on a c c u r a c y  o f  l a b e l l i n g  

t i m e  i n  o r d e r  t o  g e t  i n f o r m a t i o n  e x c l u s i v e l y  a b o u t  t h e  f l u i d i t y  

o f  t h e  p l asma  membrane / 2 / .  M e a s u r e m e n ts  were p e r f o r m e d  b o t h  a t  

25 °C and a t  37 °C b e c a u s e  o f  t h e  p o s s i b i l i t y  t h a t  t h e  

d i f f e r e n t  phase t r a n s i t i o n  t e m p e r a t u r e s  o f  t h e  membrane l i p i d s  

o f  t h e  b l a s t  c e l l s  and o f  t h e  n o r m a l  m o n o n u c l e a r  c e l l s  m i g h t  

i n f l u e n c e  t h e  F P - v a l u e s .  I n  o u r  s t u d y ,  t h e  s u r f a c e  membrane o f  

l e u k a e m i c  b l a s t  c e l l s  has  i n d e e d  p r o v e n  t o  be more f l u i d  t h a n  

t h e  p l asma  membrane o f  n o r m a l  m o n o n u c l e a r  c e l l s  o f  e i t h e r  

p e r i p h e r a l  b l o o d  o r  bone m a r r o w .  The r e s u l t s  s u g g e s t  t h a t  h i g h  

membrane f l u i d i t y ,  i . e .  l o w  m i c r o v i s c o s i t y ,  may be an i n h e r e n t  

f e a t u r e  o f  l e u k a e m i c  b l a s t  c e l l s .  T h i s  v i e w  i s  s u p p o r t e d  by t h e  

f o l l o w i n g  f a c t s :  1 )  Membrane f l u i d i t y  p a r a m e t e r s  o f  t h e  b l a s t  

c e l l s  a r e  n o t  i n f l u e n c e d  by t h e i r  o r i g i n .  Mean F P - v a l u e s  o f  

b l a s t  c e l l s ,  s e p a r a t e d  f o r m  e i t h e r  p e r i p h e r a l  b l o o d  o r  bone 

m a r r o w ,  do n o t  s i g n i f i c a n t l y  d i f f e r .  2 )  The mean F P - v a l u e  o f  

l e u k a e m i c  b l a s t  c e l l s  i s  s i g n i f i c a n t l y  s m a l l e r  t h a n  t h e  mean 

c o n t r o l  v a l u e .  3 )  P lasma membrane f l u i d i t y  o f  m o n o n u c l e a r  

c e l l s ,  o b t a i n e d  f r o m  p e r i p h e r a l  b l o o d  o r  bone  m a r ro w  o f  

p a t i e n t s  i n  r e m i s s i o n  does  n o t  d i f f e r  f r o m  t h a t  o f  

c o r r e s p o n d i n g  c o n t r o l  c e l l s .  4 )  M o n o n u c l e a r  c e l l  s u s p e n s i o n s  

c o n t a i n i n g  no b l a s t  c e l l s  s e p a r a t e d  f r o m  l e u k a e m i c  p a t i e n t s  

w i t h  m a n i f e s t  d i s e a s e  ( s a m p l e s  1 - 4  i n  T a b l e  I I I )  e x h i b i t e d  FP- 

v a l u e s  as seen  i n  n o r m a l  m o n o n u c l e a r  c e l l s .

L i p i d  m i c r o v i s c o s i t y  o f  t h e  p l asma  membrane h a s  been 

r e p o r t e d  t o  r e g u l a t e  t h e  a v a i l a b i l i t y  o f  m e m b r a n e - a s s o c i a t e d  

p r o t e i n s ,  l i k e  a n t i g e n s  and r e c e p t o r s ,  t h e  a f f i n i t y  o f
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r e c e p t o r s ,  and t h e  a c t i v i t y  o f  m em bra n e -b o u n d  enzymes .  More 

c o m p l e x  e v e n t s ,  s u c h  as  c a p p i n g ,  c e l l  p r o l i f e r a t i o n  and k i l l i n g  

a r e  a l s o  d e p e n d e n t  on membrane f l u i d i t y  / 4 - 9 ,  12,  1 7 - 1 9 / .  The 

h i g h  f l u i d i t y  o f  l e u k a e m i c  b l a s t  c e l l s  may t h e r e f o r e  c o r r e s p o n d  

t o  t h e i r  o v e r w h e l m i n g  p r o l i f e r a t i o n  and  m a t u r a t i o n  a r r e s t .  I n  

t h i s  c o n t e x t  i t  may be i n t e r e s t i n g  t h a t  p r e d n i s o l o n e  t r e a t m e n t  

" c o r r e c t s "  membrane f l u i d i t y  o f  t h e  b l a s t  c e l l s  ( T a b l e  I V ) .  A 

s i m i l a r  o b s e r v a t i o n  h a s  been p u b l i s h e d  by Ben B a s s e t  e t  a l .  who 

r e p o r t e d  an i n c r e a s e  i n  F P - v a l u e s  d u r i n g  t r e a t m e n t  i n  a s i n g l e  

p a t i e n t  w i t h  a c u t e  l y m p h o i d  l e u k a e m i a  / 1 / .  Our  r e s u l t s  p o i n t  t o  

a p o s s i b l e  r o l e  o f  DPH i n  e a r l y  d i a g n o s i s  o f  l e u k a e m i a  and i t s  

r e l a p s e s .  H o w eve r ,  t h i s  needs f u r t h e r  c o n f i r m a t i o n .

By u s i n g  m o n o n u c l e a r  c e l l s  o f  c o n t r o l  p a t i e n t s  and h e a l t h y  

v o l u n t e e r s  f o r  r e f e r e n c e ,  an i n t e r e s t i n g  d i f f e r e n c e  b e tw e e n  

membrane f l u i d i t y  o f  p e r i p h e r a l  b l o o d  and bone mar row c e l l s  

e m e r g e d :  bone m a r ro w  c e l l s  have a more  f l u i d  p lasma membrane 

t h a n  p e r i p h e r a l  b l o o d  c e l l s .  As f a r  as we know, su ch  an 

o b s e r v a t i o n  has n o t  been  r e p o r t e d  y e t .  The d i f f e r e n c e  may l i e  

e i t h e r  i n  t h e  c e l l s  t h e m s e l v e s  o r  i n  t h e i r  c o m p a r t m e n t  

e n v i r o n m e n t .
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