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Abstract 

F r a c t i o n a t i o n  of v a r i o u s  leukemic  cells in  a q u e o u s  two-phase  sys-  
tems ,  composed of poly(ethy1ene g lycol )  a n d  d e x t r a n ,  was  p e r f o r m e d  in  
a h i g h  speed  c o u n t e r - c u r r e n t  c h r o m a t o g r a p h y  ( H S C C C )  d e v i c e  w i t h  ec-  
c e n t r i c  p a r a l l e l  co i l  o r i e n t a t i o n .  Cel ls  f r o m  d i f f e r e n t  l ineages  or  d i f f e r -  
e n t  c u l t u r e  c o n d i t i o n s  showed d i f f e r e n t  e l u t i o n  p a t t e r n s .  D u e  t o  t h e  ins -  
t a b i l i t y  of t h e  s t a t i o n a r y  p h a s e  a n d  t h e  tendency  of cel ls  t o  c o n c e n t r a t e  
a t  t h e  p h a s e  i n t e r f a c e s ,  spec ia l  m o d i f i c a t i o n s  of HSCCC o p e r a t i o n  w e r e  
deve loped  t o  g i v e  s a t i s f a c t o r y  f r a c t i o n a t i o n ,  t h e s e  inc lude  o p t i m a l  t i m i n g  
f o r  s a m p l e  i n j e c t i o n ,  a p p l i c a t i o n  of d o w n w a r d  c o n c e n t r a t i o n  g r a d i e n t  of 
m o b i l e  p h a s e  f l u i d  a n d  p r o p e r  r o t a t i o n a l  speed .  

Introduction 

Cell  f r a c t i o n a t i o n  is  a v a l u a b l e  too l  in  c h r a c t e r i z a t i o n  of t h e  h e t e -  

rogenei ty  w i t h i n  a p a r t i c u l a r  cell p o p u l a t i o n ,  in  o r d e r  t o  o b t a i n  i n f o r m a -  

t i o n  of medica l  a n d  d i a g n o s t i c  in te res t s .  D i s t r i b u t i o n  p a t t e r n  of s u b p o p u -  

l a t i o n s  is a s e n s i t i v e  i n d i c a t o r  f o r  cell d i f f e r e n t i a t i o n  a n d  d e v e l o p m e n t  
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[l]. C e n t r i f u g a t i o n  a n d  e l u t r i a t i o n  [ 2 ]  a r e  methods  u t i l i z e  t h e  d i f f e r e n c e s  

in cell s i z e  a n d  d e n s i t y ,  a n d  a r e  widely used in s e p a r a t i n g  cel ls  of very 

d i f f e r e n t  p r o p e r t i e s .  E l e c t r o p h o r e s i s  a n d  immuno- l igand  based  methods  

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

cells w i t h  s u b t l e  d i f f e r e n t  p r o p e r t i e s .  P a r t i t i o n  in  a q u e o u s  two-phase  

systems p r o v i d e s  a n  a l t e r n a t i v e  t o  look i n t o  smal l  d i f f e r e n c e s  in  cell 

s u r f a c e  p r o p e r t i e s  in  a p o p u l a t i o n  [4-6). T h e  m a j o r  c o n t r o l i n g  f a c t o r  

f o r  f r a c t i o n a t i o n  in  a q u e o u s  t w o - p h a s e  sys tems is  s u r f a c e  h y d r o p h o b i -  

c i t y ,  a s  a f f e c t e d  main ly  by t h e  composi t ion  of cel l  m e m b r a n e ;  c h a r g e s  

a n d  cel l  s i z e  a l so  a f f e c t  p a r t i t i o n  t o  a lesser  e x t e n t .  C o n v e n t i o n a l l y ,  

c o u n t e r - c u r r e n t  d i s t r i b u t i o n  ( C C D )  was  used exclusively f o r  t h i s  t y p e  

of f r a c t i o n a t i o n  17-91. A n  a l t e r n a t i v e  to  C C D  t e c h n i q u e  is r e p o r t e d  

here  i.e. h i g h  speed  c o u n t e r - c u r r e n t  c h r o m a t o g r a p h y  ( H S C C C )  110-141. 

H S C C C  h a s  been  used  f o r  s e p a r a t i n g  p r o t e i n s  a n d  smal l  molecules  a n d  

is s impler  t o  o p e r a t e  a n d  e a s i e r  t o  m a i n t a i n  s t e r i l i t y  t h a n  C C D  t e c h -  

n ique .  Also ,  t h e  f l o w - t h r o u g h  t y p e  of o p e r a t i o n  of H S C C C  al lows c o n -  

nec t ion  t o  many a n a l y t i c a l  i n s t r u m e n t s  t o  ass is t  f u r t h e r  ana lys i s  of 

ce l lu la r  p r o p e r t i e s .  H o w e v e r ,  t h e r e  r e m a i n  some problems in a d o p t i n g  

H S C C C  to  t h i s  t a s k .  A q u e o u s  t w o - p h a s e  sys tems a r e  much v iscous  

t h a n  o r g a n i c  s o l v e n t s  hence  p h a s e  s e p a r a t i o n  is s low,  t h i s  resu l t s  in  

poor  r e t e n t i o n  of s t a t i o n a r y  p h a s e  f l u i d .  Also,  cel ls  t e n d  t o  col lect  a t  

p h a s e  b o u n d a r y  d u e  to  i n t e r f a c i a l  t ens ion  e f f e c t  [15,16]. T h i s  p h e n -  

omenon is i n t e r f e r i n g  wi th  t h e  p a r t i t i o n  of cel ls  i n t o  t w o  p h a s e s ,  

t h u s ,  i f  t i m e  is long e n o u g h ,  most of t h e  cel ls  wil l  be  loca ted  a t  t h e  

i n t e r f a c e s .  H e n c e ,  normal  c h r o m a t o g r a p h i c  o p e r a t i o n  wi l l  be possible  

w h e r e  cel ls  a r e  r e t a i n e d  in t h e  co lumns  w i t h  n o  s e p a r a t i o n  or  f r a c -  

t i o n a t i o n .  A f e w  a p p r o a c h e s  were  employed  h e r e  t o  so lve  t h e s e  p r o -  

blems.  F i r s t ,  a p r o p e r  coi l  o r i e n t a t i o n  was  chosen .  E c c e n t r i c  co lumns  

w e r e  f o u n d  t o  be ab le  to  h a n d l e  viscous f l u i d .  Secondly ,  I n t e r f a c i a l  

s u r f a c e  tens ion  was  reduced  by using less c o n c e n t r a t e d  sys tems,  t e n d a n -  

cy f o r  cells t o  col lect  a t  t h e  i n t e r f a c e s  w a s  t h u s  decreased .  F u r t h e r ,  

t o  e n h a n c e  t h e  e l u t i o n  of cel ls  f rom t h e  co lumns  a d o w n w a r d  c o n c e n t r a -  

t i o n  g r a d i e n t  of t h e  mobi le  phase  was  appl ied  t o  f u r t h e r  lower ing  

t h e  i n t e r f a c i a l  t ens ion  t o  f r e e  t h e  cells f r o m  t h e  i n t e r f a c e s .  T h i r d l y ,  

t o  o b t a i n  good reso lu t ion  and  to  p r e v e n t  s e t t l i n g  of cel ls ,  r o t a t i o n a l  

speed  of t h e  device  a n d  f low r a t e  of mobi le  p h a s e  w e r e  o p t i m i s e d .  

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
1
3
:
4
6
 
2
4
 
J
a
n
u
a
r
y
 
2
0
1
1



FRACTIONATION OF LEUKEiMIC CELLS 1759 

Material and Methods 

Poly(ethy1ene g lycol ) ,  MW 6000, w a s  f r o m  S i g m a ,  U S A .  D e x t r a n  T500 

w a s  f r o m  P h a r m a c i a ,  Sweden.  O t h e r  chemica ls ,  e.g. s o d i u m  c h l o r i d e ,  w e r e  

all of r e a g e n t  g r a d e ,  a n d  f r o m  Merck ,  G e r m a n y .  A q u e o u s  t w o - p h a s e  so- 

l u t i o n  w a s  p r e p a r e d  by mixing  i n g r e d i e n t s  thoroughly  a t  room t e m p e r a t u r e  

f o r  a t  l eas t  24 h .  Phases  w e r e  s e p a r a t e d  by c e n t r i f u g a t i o n  a t  500 x g 

f o r  20 m i n  a n d  s t o r e d  separa te ly  u n d e r  4 O C ,  respec t ive ly .  

A 3-column- in-ser ies  t y p e  p r e p a r a t i v e  HSCCC was used (CCC-800, 

P h a r m a  T e c h ,  B a l t i m o r e ,  U S A ) .  T h i s  seal-less d e v i c e  used t r i p l e t  co lumns  

c o n t a i n i n g s  coi ls  of e c c e n t r i c / p a r r a l l e l  o r i e n t a t i o n  [12]. Coi ls  a r e  m a d e  

of a s i n g l e  0.25 cm i n s i d e  d i a m e t e r  T e f l o n  t u b e ,  wound i n t o  d o u b l e -  

l a y e r  coi ls  of 3 cm d i a m e t e r .  T h e  t o t a l  c a p a c i t y  of t h e  co i l s  is  420 ml .  

Cells d e r i v e d  f r o m  severa l  l eukemic  l ines  w e r e  used i n  t h i s  w o r k ,  

see T a b l e  1. Cells w e r e  c u l t i v a t e d  in  T-f lasks  t o  l a t e  e x p o n e n t i a l  phase .  

H a r v e s t e d  cel ls  w e r e  washed t w i c e  in p r e w a r m e d  b u f f e r  and  w e r e  resus-  

p e n d e d  i n  t h e  t o p  p h a s e  of t h e  a q u e o u s  t w o - p h a s e  f l u i d ,  a t  10 ce l l s /ml .  

T h e  d e x t r a n - r i c h  bot tom p h a s e  was  used a s  s t a t i o n a r y  phase ,  b e c a u s e  of 

i t s  h i g h  viscosi ty .  T h e  co lumns  w e r e  f i r s t  f i l l ed  w i t h  s t a t i o n a r y  f l u i d .  

T h e n  P E G - r i c h  mobi le  p h a s e  f l u i d  was  p u m p e d  in  w i t h  co lumns  r o t a t i n g  

a t  s p e c i f i e d  speed .  T h e  f low r a t e  is a b o u t  1 m l / m i n .  T o  s a v e  t i m e  a n d  

m a t e r i a l ,  ce l l -conta in ing  s a m p l e  of 1 t o  3 ml was  in jec ted  v i a  a s a m p l e  

loop  30 t o  45 min a f t e r  t h e  i n t r o d u c t i o n  of mobi le  phase .  A f r a c t i o n  

co l lec tor  ( P h a r m a c i a ,  S w e d e n )  w a s  used t o  col lect  cells. Cell n u m b e r  a n d  

v i a b i l i t y  w a s  d e t e r m i n e d  under  microscopy f o r  e a c h  f r a c t i o n .  

a 

P a r t i t i o n  c o e f f i c i e n t  of cel ls  was  d e t e r m i n e d  in s i n g l e  tes t  t u b e  

p a r t i t i o n  e x p e r i m e n t ,  w h e r e  0.1 ml of cell suspens ion  was  mixed  w i t h  

2 ml of a q u e o u s  t w o - p h a s e  f l u i d  a n d  e q u i l i b r a t e d  f o r  12 rnin a t  room 

t e m p e r a t u r e .  P h a s e  s e p a r a t i o n  w a s  achieved  w i t h o u t  c e n t r i f u g a t i o n .  

P o r t i o n s  of t o p  p h a s e  were  t a k e n  o u t  f o r  cell e n u m e r a t i o n .  D u e  t o  t h e  

i n t e r f a c i a l  c o n c e n t r a t i n g  of cel ls ,  p a r t i t i o n  c o e f f i c i e n t  was  d e f i n e d  a s  

t h e  r a t i o  of cell n u m b e r  in t h e  t o p  p h a s e  t o  t h a t  of i n i t i a l  cel ls .  
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TABLE 1. 

Leukemic Cell Lines Studied. 

Cell line HL60  CTV 1 RPM16410 RPM18402 

Origin APL AMoL ALL ALL 

Differentiation oromvelocvte monoblast B-blast T-blast 

Ref. 17 18 19 20 

* APL: acute promyelocytic leukemia, AMoL: acute rnonocytic leukemia, 
ALL: acute lymphoblastic leukemia. 

Results and Discussion 

A c o m p o s i t i o n  of low polymer  c o n t e n t  f o r  t h e  aqueous t w o - p h a s e  

s y s t e m s  was d e v e l o p e d .  I t  cons is ted  of ( w t / w t ) :  PEG-6000 4.762%. d e x -  

t r a n  T-500 4.76%, NaCl 0.174%, NazHP04 0.426% a n d  NaHzP04 0.360%. 

T h e  p h a s e  c o m p o s i t i o n  used  in  t h i s  s t u d y  is a c h a r g e  s e n s i t i v e  o n e  [4]. 

T h e  m o r e  v i s c o u s  b o t t o m  p h a s e  w a s  c h o s e n  t o  be  t h e  s t a t i o n a r y  

p h a s e ,  b e c a u s e  a v i s c o u s  p h a s e  is m u c h  m o r e  d i f f i c u l t  t o  b e  expel led  

by a less v i s c o u s  p h a s e ,  a n d  t h u s  a h i g h e r  s t a t i o n a r y  p h a s e  r e t e n t i o n .  

Also, i n  p r e l i m i n a r y  r u n s ,  t h e  commonly  used c o a x i a l  t y p e  of c o l u m n s  

w e r e  f o u n d  u n s u i t a b l e  f o r  t h i s  a p p l i c a t i o n .  T h i s  w a s  due  t o  t h e  h i g h  

m i x i n g  a c t i o n  g e n e r a t e d  by t h i s  t y p e  of c o l u m n s  a n d  t h e  d i f f i c u l t y  in 

p h a s e  s e p a r a t i o n  of t h e  v i s c o u s  a q u e o u s  t w o - p h a s e  f l u i d .  E c c e n t r i c  t y p e  

of c o l u m n s  w h e r e  t u b e  w a s  w o u n d  i n  s m a l l e r  co i l s  a n d  w i t h o u t  t h e  

d y n a m i c  m i x i n g  f l o w  p a t t e r n  [ 1 3 ]  wils f o u n d  m o r e  s u i t a b l e .  S t a t i o n a r y  

r e t e n t i o n  w a s  f o u n d  a r o u n d  10-30% of t h e  t o t a l  v o l u m e  of co i l s .  C o n t r a -  

ry  t o  t h e  t r e n d  o b s e r v e d  in c o a x i a l  c o l u m n s  [ lo] ,  h i g h e r  r o t a t i o n a l  s p e e d s  

g a v e  l o w e r  r e t e n t i o n  r a t i o s  in  e c c e n t r i c  c o l u m n s ,  as  s h o w n  in T a b l e  2 .  

T h i s  may be  d u e  t o  l a r g e r  p r e s s u r e  h e a d  n e e d e d  t o  b e  o v e r c o m e  by t h e  

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

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

less r e t e n t i o n  of t h e  s t a t i o n a r y  f l u i d .  I f  w e  u s e  c o m m o n  c h r o m a t o g r a -  
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FRACTIONATION OF LEUKEMIC CELLS 1761 

TABLE 2. 

Stationary Phase Retention in Eccentric Columns with Aqueous 
Two-Phase Fluid as Affected by Rotational Speed and Flow Rate 
S.R.: Stationary phase retention, NTP: no. of theoretical plates. 
NTP was estimated using trypan blue as model compound and 
using the relationship between half peak width and NTP [21]. 

p h i c  t h e o r y  t o  e s t i m a t e  t h e  n u m b e r  of t h e o r e t i c a l  p l a t e  [21], we f o u n d  

t h a t  d e s p i t e  less s t a t i o n a r y  r e t e n t i o n  under  h i g h e r  r o t a t i o n a l  speeds ,  t h e  

n u m b e r  of t h e o r e t i c a l  p l a t e s  was h i g h e r  t h a n  those  u n d e r  lower  speeds .  

T h i s  c a n  be a t t r i b u t e d  t o  t h e  mixing  e f f e c t  ment ioned  above .  Mobi le  

p h a s e  f l o w  r a t e  a lso a f f e c t s  r e t e n t i o n  a n d  reso lu t ion .  A r o t a t i o n a l  speed  

of 400 r p m  a n d  a mobi le  p h a s e  f low r a t e  of 1 rnl/rnin w e r e  chosen  i n  

o r d e r  t o  p r e v e n t  cell s e t t l i n g  o n  t u b e  wal l  w h e n  c e n t r i f u g a l  f o r c e  is  t o o  

l a r g e  a n d  t o  avoid  excessive pressure  ( u p  to  100 p s i )  w h e n  f low r a t e  is  

h igh .  

Mobi le  p h a s e  was in t roduced  t o  t h e  co lumns  a f t e r  s t a t i o n a r y  p h a s e  

h a d  a l ready  f i l l ed  al l  t h r e e  columns.  A f t e r  t h e  mobi le  p h a s e  f r o n t  r e a c h e d  

t h e  e x i t ,  smal l  a m o u n t  of s t a t i o n a r y  p h a s e  f l u i d ,  a b o u t  7% of t h e  e l u t i o n  

s o l u t i o n ,  c a m e  o u t  wi th  t h e  mobi le  phase .  T h i s  b leeding  of t h e  s t a t i o n a r y  

p h a s e  was  s i g n i f i c a n t  so t h e  t i m i n g  of s a m p l e  i n j e c t i o n  wil l  be  i m p o r t a n t .  

E l u t i o n  p a t t e r n  of cells w a s  f o u n d  t o  be grea t ly  a f f e c t e d  by t h i s  t i m i n g .  

For e x a m p l e ,  when t h e  s a m p l e  was in jec ted  e a r l y ,  i . e .  15 m i n  a f t e r  mobi le  

p h a s e  i n t r o d u c t i o n  t o  t h e  co lumns ,  ce l l s  would c o n c e n t r a t e d  a t  a n d  a r o u n d  
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FIGURE 1 Effect of sample injection time relative t o  mobile phase in- 
troduction on the elution pattern of HL-60 cells. Retention 
volume, Vr, was expressed relative to mobile phase vo- 
lume, Vm, measured at the moment of sample injection. 
Only viable cells were counted. 

t h e  mobi le  p h a s e  f r o n t ,  a n d  n o  f r a c t i o n a t i o n  was  observed .  As t h e  s a m p l e  

in jec t ion  t i m e  was  de layed ,  cel l  e l u t i o n  p a t t e r n  showed m o r e  f r a c t i o n a t i o n ,  

w h i l e  less cel ls  w e r e  e lu ted  (see F i g .  1 f o r  HL-60’s resu l t s ) .  Some cell 

l ines ,  e.g. RPMI8402, w e r e  f o u n d  to  be to ta l ly  r e t a i n e d  in t h e  co lumns  if 

s a m p l e  was in jec ted  45 m i n  a f t e r  mobi le  p h a s e  i n t r o d u c t i o n  ( n o  e lu ted  cel l  

was  o b s e r v e d ) .  I t  is specula ted  t h a t  a s  mobi le  p h a s e  f r o n t  moves a h e a d ,  

it c r e a t s  a reg ion  of u n s e t t l i n g  t w o - p h a s e  m i x t u r e  in  i t s  w a k e  w h e r e  cel ls  

d o  not  p a r t i t i o n  p r o p e r l y .  H e n c e  if cel ls  w e r e  in jec ted  shor t ly  a f t e r  t h e  

f r o n t ,  cel ls  would  e m e r g e  w i t h  t h e  f r o n t  u n f r a c t i o n a t e d .  O n  t h e  o t h e r  

h a n d ,  in r e g i o n  f a r  behind  t h e  mobi le  p h a s e  f r o n t ,  t h e  t w o  phases  h a v e  

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

d i s t u r b a n c e s  a r e  d i m i n i s h i n g  ( t h i s  is especial ly  t r u e  f o r  t h e  e c c e n t r i c  t y p e  

co lumns) .  Cel ls  bound to  t h e  i n t e r f a c e s  a r e  t h e r e f o r e  d i f f i c u l t  t o  be  f l u -  

s h e d  o u t  by t h e  mobi le  p h a s e  in  t h i s  reg ion .  T o  o b t a i n  f r a c t i o n a t i o n ,  s a m -  

ples  should  not  be  in jec ted  too  ear ly  whi le  a p p l i c a t i o n  of a d o w n w a r d  g r a -  

d i e n t  of t h e  mobi le  p h a s e  should  be used to e n h a n c e  cel l  e l u t i o n .  T h u s  
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1.0 1.1 1.2 1.3 1 . 4  

FIGURE 2 Elution pat terns of RPM16410, HL-60 and CTV1 cells. See 
Fig. 1 for the meaning of Vr and Vrn. 

cel ls  c a n  be  brought  o u t  in a g r a d u a l ,  c h r o m a t o g r a p h i c a l  mode ,  w h e n  in .  

t e r f a c i a l  t ens ion  was  lowered by t h e  g r a d i e n t .  

As s h o w n  in  F i g .  2, f r a c t i o n a t i o n  of cel ls  w a s  possible  us ing  g r a d i e n t  

(F ig .  3) method in H S C C C  f r a c t i o n a t i o n  (only s ingle  cel l  l ine  w a s  used i n  

e a c h  r u n ) .  H L - 6 0  was  f o u n d  t o  h a v e  t h e  most hydrophi l ic  cell s u r f a c e  

in t h e  t h r e e  cell l ines  t e s t e d ,  s i n c e  it has  t h e  longest  r e t e n t i o n  t ime.  

T h i s  f i n d i n g  cor re la ted  well w i t h  t h e  p a r t i t i o n  c o e f f i c i e n t s  measured  by 

s i n g l e  test t u b e  m e t h o d .  T h e  pa r t i t i on  c o e f f i c i e n t s  fo r  t h e  cel l  l i n e s  t e s t e d  

were:  5.43% f o r  HI-60,  7.50% f o r  C T V I ,  8.20% f o r  RPMI6410,  a n d  8.57% 

f o r  RPMI8402.  It is observed t h a t  H L - 6 0  has  t h e  lowest  p a r t i t i o n  c o e f -  

f i c i n t ,  i.e. t h e  most hydrophi l ic  one .  From F i g .  2 ,  it  i s  no t iced  t h a t  m a n y  

p e a k s  a p p e a r e d  f o r  a s i n g l e  cell l i n e ,  s i g n i f y i n g  c e r t a i n  he te rogenei ty  e x i s t s  

a m o n g  t h e  p o p u l a t i o n .  T h e r e  seemed to  b e  more  of such  f e a t u r e s  ( p e a k s )  

t h a n  observed  in  C C D ,  but  t h e  s i g n i f c a n c e  of these  peaks  a r e  n o t  c e r t a i n  

a t  t h i s  t i m e .  A l s o ,  t h e  recovery of cells was  f o u n d  to  vary  ( d a t a  not  s h o w n )  

among d i f f e r e n t  cell l ines ,  f u r t h e r  s tudy  is needed  t o  c l a r i f y  t h i s  p h e n o m e -  

non .  
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2 o i  , , , ~ 

0 
0 10 20 30 40 

TIME(min)  

FIGURE 3 The gradient applied to the separation in Figs 2 and 4 .  
Time zero corresponds to the moment of mobile phase 
introduction. Mobile phase was diluted with buffer solution 
containing the same amount of  salts as in the aqueous 
two-phase s y s t e m .  

FIGURE 4 Elution patterns of C T V l  cells grown under different FBS 
levels. See Fig. l for  the meaning of Vr and Vrn. 

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
1
3
:
4
6
 
2
4
 
J
a
n
u
a
r
y
 
2
0
1
1



FRACTIONATION OF LJ5UKEMIC CELLS 1765 

W e  c a n  readi ly  d e m o n s t r a t e  t h e  d i f f e r e n c e  of cell s u r f a c e  p r o p e r t i e s  

a m o n g  cel ls  grown u n d e r  d i f f e r e n t  levels  of f e t a l  b o v i n e  serum by t h i s  t e -  

c h n i q u e .  C T V l  cel ls  c u l t i v a t e d  u n d e r  5 %  o r  10% FBS f o r  5 d a y s  w e r e  h a r -  

ves ted  a n d  f r a c t i o n a t e d  using t h e  g r a d i e n t  m e t h o d .  Cel ls  u n d e r  5 %  FBS 

w e r e  f o u n d  to  be more  hydrophi l ic  t h a n  those  u n d e r  10% FBS,  see  F i g .  4. 

Cell  v i a b i l i t y  was  a b o u t  t h e  s a m e  f o r  these  t w o  types  of cel ls ,  so t h e  d i f -  

f e r e n t  e l u t i o n  p a t t e r n s  re f lec ted  s h i f t  in cell s u r f a c e  h y d r o p h o b i c i t y .  

Conclus ion 

H S C C C  was  d e m o n s t r a t e d  t o  be a p o t e n t i a l  a l t e r n a t i v e  t o  t h e  C C D  

t e c h n i q u e  commonly employed  in  t h e  cell f r a c t i o n a t i o n  work .  D i f f i c u l t i e s  

in  h a n d e l i n g  aqueous  two-phase  sys tems by H S C C C  h a s  been addressed .  

A smal le r  H S C C C  model  would be m o r e  s u i t a b l e  f o r  cel l  f r a c t i o n a t i o n  

s i n c e  s h o r t e r  processing t i m e  a n d  smal le r  a m o u n t  of s a m p l e  would  be  

r e q u i r e d .  F u r t h e r  inves t iga t ion  should  be w o r t h w h i l e .  
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