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D i f f e r e n t i a l  L o s s  of C e l l u l a r  C o n s t i t u e n t s  in  C y t o c e n t r i f u g e  P r e p a r a t i o n s  ~ 

P r e p a r a t i o n s  s u i t a b l e  for  t h e  c y t o c h e m i c a l  p o p u l a t i o n  
a n a l y s i s  2,a of  c u l t u r e d  h u m a n  l y m p h o c y t e s  p r e s e n t  cer-  
t a i n  t e c h n i c a l  d i f f icu l t ies ,  p a r t i c u l a r l y  if t h e  cells  a re  de r i v -  
ed  f r o m  s u s p e n s i o n  cu l tu res .  I n  an  a t t e m p t  to  a l l ev i a t e  
one  of  t h e  ma j  or  t e c h n i c a l  d i f f i cu l t i e s  - l a ck  of  cel l  a d h e s i o n  
to  g lass  s l ides  - a c y t o c e n t r i f u g e  t e c h n i q u e  s im i l a r  t o  t h a t  
d e s c r i b e d  b y  WATSON 4 h a s  b e e n  e x a m i n e d .  S l ides  p re -  
p a r e d  b y  t h i s  t e c h n i q u e  c o n t a i n e d  p r o p e r l y  a d h e r e d  cells,  
a n d  were  s a t i s f a c t o r y  for  r o u t i n e  l i g h t  m i c r o s c o p y  a n d  
c y t o c h e m i c a l  ana lys i s .  H o w e v e r ,  in  o r d e r  to  e x c l u d e  pos -  
s ib le  q u a n t i t a t i v e  c h a n g e s  r e s u l t i n g  f r o m  loss of  ce l lu la r  
m a t e r i a l  f r o m  s u c h  cells  d u r i n g  p r e p a r a t i o n  in  a c y t o -  
c e n t r i f u g e  ~, s e v e r a l  cell  c u l t u r e s  w e r e  p r e p a r e d  for  c y t o -  
c h e m i c a l  a n a l y s i s  b y  c y t o c e n t r i f u g a t i o n  d i r e c t l y  o n t o  
c o v e r s l i p s  in  pa r a l l e l  w i t h  t h e  c lass ica l  ' d r o p ' m e t h o d  ~ a n d  
e x a m i n e d  for  speci f ic  a l t e r a t i o n s  in  d r y  m a s s  a n d  F e u l g e n -  
D N A .  

Materials and methods. T h e  h u m a n  l y m p h o c y t i c  cells  
u s e d  h a v e  b e e n  d e s c r i b e d  e l s e w h e r e :  C C R F - C E M  cells  ~, 
C C R F - R K B  cells  s, a n d  E B - 3  cells  ~ C C R F - C E M - S T  cells  
w e r e  d e r i v e d  d i r e c t l y  f r o m  t h e  l y m p h o m a s  d e v e l o p e d  in 
n e o n a t a l  S y r i a n  h a m s t e r s  i m p l a n t e d  w i t h  C C R F - C E M  
cells  1~ N o n - l e u k e m i c  l y m p h o c y t i c  cei ls  d e r i v e d  d i r e c t l y  
f r o m  t h e  i n g u i n a l  l y m p h  n o d e s  of  Swiss  mice  (ML) a n d  
S y r i a n  h a m s t e r s  (HL) ;  a n d  L-929  m o u s e  f i b r o b l a s t s  n 
g r o w n  in  m o n o l a y e r  c u l t u r e s  in  EAGLE'S b a s a l  m e d i u m  
s u p p l e m e n t e d  w i t h  10% w h o l e  f e t a l  calf  s e r u m  as  de-  
s c r i b e d  b y  EAGLE ~ w e r e  u s e d  as  con t ro l s .  

I n  t h e  ' d r o p '  m e t h o d ,  a n  a l i q u o t  of  cell  s u s p e n s i o n  w i t h  
t h e  de s i r e d  n u m b e r  of  cel ls  w a s  p l a c e d  on  B t i rke r  h e m o -  

c y t o m e t e r  cove r s l i p s  (0.3 m m  t h i c k n e s s )  a n d  t h e  d r o p  
a l l owed  to  s t a n d  10 ra in  d u r i n g  w h i c h  t i m e  t h e  cells  s e t t l e d  
a n d  a d h e r e d  to  t h e  g lass  su r face ,  a n d  t h e n  t h e  p r e p a r a -  
t i o n s  w e r e  f i x e d  in 1:1 (V/V) a c e t o n e - e t h a n o l  for  1 h a t  
r o o m  t e m p e r a t u r e .  I n  t h e  c y t o c e n t r i i u g e  t e c h n i q u e  ali- 
q u o t s  of  t h e  s a m e  cell  s u s p e n s i o n s  w e r e  c e n t r i f u g e d  for  
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Table I. Mean per cell dry mass values (arbitrary interferometrie units) 

Cell popuiation Cells prepared by 
'Drop' method 
X1 

Cytocentrifuge method 
Y (n) 

Change in 
cytocentrifuge 
preparations 
(%) 

CCRF-CEM 8.54 (100) 
CCRF-CEM 10.50 ~ (54) 
CCRF-CEM 8.35 (30) 
Pooled CCRF-CEM 9.08 (184) 

6.10 ~ (100) --28.6 
8.48 (64) --19.2 
6.58 (30) --21.2 
6.95 (194) --  23.5 

CCRF-RKB 8.68 (100) 5.55 (100) --36.1 
CCRF-RKB 8.38 (75) 5.72 (75) --31.7 
CCRF-RKB 8.57 (50) 6.02 (50) --29.8 
Pooled CCRF-RKB 8.55 (225) 5.71 (225) --33.2 

EB-3 9.55 ~ (100) 4.98 (100) --47.9 
EB-3 7.41 (65) 4.69 (75) --36.7 
EB-3 6.98 (30)  4.62 (30) --33.8 
Pooled EB-3 8.44 (195) 4.82 (205) --42.9 

HL 2.18 (100) 1.74 (100) --20.2 
HL 2.22 (100) 1.70 (100) --23.4 
Pooled IlL 2.20 (200) 1.72 (200) --21.8 

CCRF-CEM-ST 12.11 (100) 8.36 (100) --  31.0 
CCRF-CEM-ST 14.03 (100) 9.24 (100) --34.1 
Pooled CCRF-CEM-ST 13.07 (200) 8.80 (200) --32.7 

ML 2.67 (100) 1;52 (100) --43.1 
ML 2.19 (88) 1.25 (80) --42.9 
ML 2.49 (30) 1.53 (30) --38.5 
Pooled ML 2.45 (218) 1.42 (210) --42.0 

L-929 48.50 (100) 30.90 (100) --  36.3 
L-929 38.50 b (100) 25.50 (100) --33.7 
Pooled L-929 43.50 (200) 28.20 (200) --35.2 

Partially synchronized population; predominance of G-2 ceils in populations, b Partially synchronized population; predominance of G-1 cells 
in p6pulation. IX, average dry mass value, 2(n), number of cells analyzed. 
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Table II. Mean per cell Feulgen-DNA values (arbitrary photometric units) 

EXPERIENTIA 28/7 

Cell population Cells prepared by 
'Drop' method Cytocentrifuge method 
f o (n) d X~ (n) 

Change in 
cytocentrifuge 
preparations 
(%) 

CCRF-CEM 11.20 (96) 12.00 (90) + 7.1 
CCRF-CEM 20.92 ~ (54) 19.96 (50) -- 4.6 
CCRF-CEM 13.35 (30) 13.65 (30) + 2.2 
Pooled CCRF-CEM 14.61 (180) 14.48 (170) -- 0.9 

CCRF-RKB 15.57 (100) 14.00 (100) --11.2 
CCRF-RKB 13.86 (74) 14.01 (75) + 1.1 
CCRF-RKB 15.05 (50) 13.91 (50) -- 7.6 
Pooled CCRF~RKB 14.97 (224) 13.98 (225) -- 6.6 

EB-3 12.54 (100) 11.25 (100) --10.3 
EB-3 15.00 �9 (54) 13.76 (73) -- 8.3 
EB-3 14.32 (30) 13.59 (30) -- 5.1 
Pooled EB-3 13.55 (184) 12.49 (203) -- 7.8 

HL 5.40 (98) 5.54 (91) + 2.5 
HL 4.80 (100) 5.10 (100) + 6.3 
Pooled HL 5.10 (198) 5.31 .(191) + 4.1 

CCRF-CEM-ST 18.77 (100) 17.61 (100) -- 6.2 
CCRF-CEM-ST 22.50 (75) 20.01 (75) --11.1 
Pooled CCRF-CEM-ST 20.37 (175) 18.64 (175) -- 8.5 

ML 7.57 (99) 7.00 (85) -- 7.5 
ML 8.08 (52) 8.48 (50) + 4.9 
ML 6.47 (30) 6.47 (30) ~ 0.0 
Pooled ML 7.53 (181) 7.35 (165) -- 2.4 

L-929 46.23 (100) 46.80 (97) + 1.2 
L-929 42.75 b (100) 47.82 (100) + 11.9 
Pooled L-929 44.49 (200) 46.59 (197) + 4.72 

Partially synchronized population; predominance of G-2 cells in population, b Partially synchronized population; predominance of G- 1 cells in 
population: ~ X, average FeulgeI1 value, a (n), number of ceils in sample. 

10 min at  1000 r p m  direct ly  onto  coversl ips in a Shandon  
cy tocent r i fuge  and  f ixed as above.  

In  each exper iment ,  paral lel  slides p repa red  by  each 
of t he  2 me thods  were hydro lyzed  in 1 N HC1 for 9 min at  
60 ~ and  s ta ined in leuco-SchifI  reagent  for 1 h a t  room 
t e m p e r a t u r e  for Feu lgen -DNA con t en t  la. 

Feu lgen -DNA con t en t  was de t e rmined  on indiv idual  
cells a t  546 n m  in the  high resolution,  rap id-scanning  
mic rospec t ropho tome te r  descr ibed by  LOMAKKA 14. Tota l  
d ry  mass  was de t e rmined  on indiv idual  cells in dupl ica te  
unhydro lyzed  p repara t ions  in the  high resolution,  rap id-  
scanning  micro in te r fe romete r  descr ibed by  LO•AKKA 15. 

Results and discussion. For  all cell lines, the  m e a n  dry  
mass  values per  cell for cells p repa red  by  the  cy tocent r i -  
fuge m e t h o d  were less t h a n  those  p repa red  by  the  'd rop '  
m e t h o d  (Table I), clearly ind ica t ing  a loss of d ry  mass  
dur ing  cy tocent r i fuga t ion .  The Feu lgen -DNA mean  va- 
lues for cy tocen t r i fuged  cells were b o t h  above and  below 
those  values for tile ' d rop '  p repara t ions  and  were in each 
case wi th in  the  10% error  intr insic  in t he  analy t ica l  mea- 
suring devices indica t ing  t h a t  there  was no subs tan t i a l  
loss of Feu lgen -DNA for t he  cell l ines ana lyzed  (Table II) .  
These results  suppor t  t he  con ten t ion  t h a t  cy tocent r i fuga-  
t ion causes a loss in mater ia l  (probably  cy top lasmic  cons- 
t i tuents)  f rom cells p repa red  for cy tochemica l  analysis.  I t  
is of in te res t  t h a t  t he  losses in d ry  mass  observed in the  
cy tocen t r i fuged  cells var ied wi th  the  d i f ferent  kinds of 

cells, and m a y  be re la ted  to t he  na tu re  of the  cell mem-  
brane.  

Zusammen]assung. Eine  q u a n t i t a t i v e  mikroskopische  
Analyse  yon  Zellen, die m a n  bei 1000 U / m i n  zytozent r i -  
fugier t  ha t te ,  zeigte, dass  die Zellen P ro t e inbes t and te i l e  
des Zy top lasmas  verlieren,  w~hrend  der DNS-Geha l t  des 
Kerns  unver~indert  bleibt .  U n t e r s u c h u n g e n  yon  8 ver- 
schiedenen Zellar ten ergaben,  dass  die b e o b a c h t e t e n  Ver-  
luste spezifisch yon  der Zellart  abh~ngen  und  mi t  der 
S t ruk tu r  der Ze l lmembran  zusammenh~ngen  k6nnten .  
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