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Evaluat ion  of t h e  A d h e s i o n  t o  G l a s s  o f  M a m m a l i a n  

The  m e a s u r e m e n t  of t he  adhes ion  of cells to  a glass 
surface  is one of t he  severa l  c o n t a c t  p h e n o m e n a  wh ich  can  
b e  s tud ied  in a n  a t t e m p t  to  u n d e r s t a n d  b e t t e r  t he  
m e c h a n i s m s  r egu la t ing  t i ssue  o rgan iza t ion ,  a n d  t h e  migra -  
t i o n a l  b ~ h a v i o u r  of n o r m a l  a n d  neop las t i c  ceils. 

TAYLOR 1 and  NORDLING ~ h a v e  s tud ied  t h e  adhes ion  of 
cu l tu red  ceils on  f la t  surfaces of d i f fe ren t  ma te r i a l s  b y  t he  
m e t h o d  of adhes ion  chambers .  Techn ica l ly  t h i s  m e t h o d  
is t i m e - c o n s u m i n g  for microscopic  c o u n t s  a n d  i t  gives no  
q u a n t i t a t i v e  i n f o r m a t i o n  a b o u t  t he  c y t o t o x i c i t y  of pha r -  
macologica l  t r e a t m e n t s  i n t e n d e d  to  m o d i f y  adhes ion.  I n  
t he  l a s t  few years ,  t he  wide  u t i l i z a t i on  of e lec t ronic  
par t ic le  coun te r s  has  p r o v i d e d  a fas t  a n d  re l iab le  m e t h o d  
for c o u n t i n g  cells re leased t r o m  mono laye r s  b y  t r y p s i n  
t r e a t m e n t  3, 4. Th i s  p a p e r  proposes  a m e t h o d  for  e v a l u a t -  
ing q u a n t i t a t i v e l y  t he  r a t e  of adhes ion  of cells c u l t i v a t e d  
in v i t ro ,  based  on  t he  u t i l i za t ion  of a n  e lec t ronic  par t i c le  
c o u n t e r  a p p a r a t u s .  

Materials and methods. KB  cells were used t h r o u g h o u t  
al l  t h e  expe r imen t s .  T he  g r o w t h  m e d i u m  was Eag le  M E M  
based  on  H a n k ' s  b a l a n c e d  sa l t  so lu t ion  plus  10% fresh  
n o n - c l u m p i n g  calf s e r u m  5. Tes t  t u b e s  were Bel lco boro-  
s i l icate  d isposable  t u b e s  w a s h e d  as descr ibed  b y  NO~D- 
LING ~. Cell suspens ions  were  o b t a i n e d  b y  a 10 m i n  
t r e a t m e n t  w i t h  0.2',5% Difco T r y p s i n  in ca lc ium a n d  
m a g n e s i u m  free H a n k ' s  so lu t ion  (CMFHS).  

Cells were cen t r i fuged  and  r e suspended  in g r o w t h  
med ium,  a t  c o n c e n t r a t i o n  of 2 • 105/ml in a sp inne r  flask, 
w i t h  c o n t i n u o u s  s t i r r ing.  F r o m  th i s  pool  of cells, a l iquo t s  
of 1 ml  of cell suspens ion  were d i s t r i b u t e d  in t e s t  t ubes  
s l an t ed  in a r o t a t i n g  d rum.  T he  2 p o p u l a t i o n s  of a d h e r i n g  
a n d  n o n - a d h e r i n g  cells were  e v a l u a t e d  in each  t u b e  b y  
c o u n t i n g  t he  n o n - a d h e r i n g  cells in  t h e  s u p e r n a t a n t  me-  
d ium,  a n d  re leas ing b y  a 10 m i n  i n c u b a t i o n  in t r y p s i n  
so lu t ion  t he  a d h e r i n g  cell popu la t ion .  A Coul ter  Coun te r  
mod.  t3 was  used to e v a l u a t e  t he  n u m b e r  of cells. The  
t o t a l  n u m b e r  of cells in  suspens ion  was m e a s u r e d  b y  
c o u n t i n g  eve ry  par t ic le  ove r  t he  t h r e s h o l d  line, a p p e a r i n g  
in t he  f requence  d i s t r i b u t i o n  (Figure  1). 
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Fig. 1 Size distribution of KB cells. Coulter Counter rood. B with 
automatic plotter. Pore size 100; matching switch 64; amplification4; 
intensity 0.707. The lower threshold used was 14 corresponding to a 
particle volume of 161 [xm 8. No upper threshold was included. 
Impedance on CMFHS was 22 kr. 

Cells by an Electronic  Particle  Counter  

Hea t -k i l l ed  cells were o b t a i n e d  i n c u b a t i n g  for 30 ra in  
a t  56~ t he  cell suspension.  Fo rma l in - f i xed  cells were 
o b t a i n e d  t r e a t i n g  t he  cell suspens ion  w i t h  10 % of fo rmal in  
for 24 h. Cells were t h e n  washed  severa l  t i m e s  in 0 .85% 
NaC1 over  a 24 h per iod,  and  r e suspended  in g r o w t h  
med ium.  

Results. Figure  2 shows t h a t  t he  p e r c e n t a g e  of non-  
a d h e r i n g  cells A) decreases  as an  e x p o n e n t i a l  func t ion  in 
r e l a t i on  to  t ime.  This  p h e n o m e n o n  las ts  on ly  t h r o u g h  t h e  
1st h w h e n  i t  reaches  a va lue  close to  t he  'noise '  of t he  
c o u n t i n g  a p p a r a t u s .  On t he  o the r  h a n d ,  t he  a d h e r i n g  
cells B) increase  in a n  a l m o s t  c o m p l e m e n t a r y  way  d u r i n g  
t he  1 h per iod  t h a t  is cons idered  as t he  t r ue  adhes ion  
period.  T h e i r  r a t e  of increase  is, however ,  s lower  t h a n  t h e  
r a t e  of decrease  for n o n - a d h e r i n g  cells. Curve  C) r ep re sen t s  
t he  sum of A) a n d  ]3). A cell loss, due  to  t h e  t r y p s i n  
t r e a t m e n t  of a d h e r i n g  cells, is e v i d e n t  d u r i n g  the  1st h. 

The  p l a t eau  reached  b y  cu rve  B) a n d  C) b e t w e e n  t h e  
1st a n d  2nd h ind ica tes  t h a t  adhes ion  was comple t ed  b y  
mos t  of t he  p o p u l a t i o n  before  cell g r o w t h  would begin.  
E x p e r i m e n t s  on  hea t - f ixed  ceils are p lo t t ed  in F igure  3 
where  a s h a r p  decrease  of t he  t o t a l  cell n u m b e r  beg ins  
i m m e d i a t e l y  a n d  r ema ins  a l m o s t  c o n s t a n t  for 2 h. The  
a d h e r i n g  cells (curve B) do no t  change  f rom a 20% va lue  
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Fig. 2. Percentage of the initial population as a function of time 
(log scale). Living cells. A) Non-adhering cells collected in the super- 
natant medium. B) Adhering cells recovered from glass by 10 min 
treatment with trypsin. C) Total recovery of eells. Vertical bars re- 
present the standard error of the mean (n = 5). 
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Fig. 3. Percentage of the initial population as a function of time 
(log scale). Heat-fixed cells. A) Non-adhering cells. B) Adhering cells. 
C) Total recovery. 
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Fig. 4. Percentage of the initial population as a function of time 
(log scale). Formalin-fixed cells. A) Non-adhering cells. B) Adhering 
cells. C) Total recovery. 

t h a t  is ma in t a ined  cons t an t  dur ing  the  whole exper iment .  
The slow decrease of non-adher ing  cells (curve A) af ter  
30 rain is paral lel  to  the  decrease of t he  to ta l  cell popula-  
t ion and  is unre la ted  to curve t3. Formal in - f ixed  cells 
(Figure 4) decrease in n u m b e r  slowly C) w i thou t  any  
re la t ion be tween  the  non-adher ing  A) and the  adher ing  
13) fract ion.  

Discussion. The decrease in the  n u m b e r  of non-adher -  
ing cells and the  paral lel  increase of those  which  adhere  
describes a change  in the  condi t ion  of the  cell popula t ion ,  
t h a t  follows an exponen t i a l  funct ion  in re la t ion to  t ime.  

The absence of adhesion in cell popula t ions  killed by  
hea t  or by  formal in  does no t  agree wi th  the  da t a  of 
TAYLOR 1 and  NORDLING 2, who found t h a t  dead  cells did 
adhere  to  the  glass a t  a fas ter  r a te  t h a n  l iving cells. An 
exp lana t ion  m a y  be t h a t  wi th  s t rongly  adher ing  cells, 
such as K B  cells, 2 phases  of adhes ion  can be dis t in-  
guished. The f irs t  m a y  be assumed to be a r a the r  weak  
bond,  t h a t  is to  say if we consider  t he  DERJAGUIN- 
LANDAu-V~RwEY-OVERBEEK theo ry  of colloid stabili-  
ty~, s as appl ied  to  cells. Then  due to  a reduc t ion  in the  
e lect ros ta t ic  po ten t i a l  be tween  the  cells and  the  glass 
surface 9, 10 some adhes ion  will  occur, the  ra te  being 
propor t iona l  to  t he  potent ia l .  The poss ibi l i ty  also has  to 
be considered t h a t  t he  ceils are he ld  to  the  glass in a 
' s econdary  m i n i m u m '  or by  'macromolecu la r  br idges ' .  

Af ter  th is  f i rs t  con tac t  is es tabl ished,  the  ceils spread,  
and  due to the  large mu tua l  interracial  area t h e y  become 
then  f i rmly b o u n d  to  t he  glass, in which  case t h e y  m a y  
be only  de tached  by  rup tu r ing  the  cells or by f rac tur ing  
the  m e m b r a n e  11. 

I t  seems t h a t  the  above m e t h o d  is more  l ikely to leave 
among  adher ing  ceils only the  popu la t ion  enter ing  into 

th is  second phase  of adhesion.  This capac i ty  of cells to  
adhere  in a f i rm way  to  the  glass surface 1~ is a specific 
marker  of v iabi l i ty  ~, la. 

Riassunto. La velocit& di adesione al ve t ro  di cellule K B  
6 s t a ta  s tud ia ta  u t i l izzando un  con ta to re  di par t icel ie  
elet t ronico.  I r i su l ta t i  mo s t r an o  che 6 poss ib i l e  s tudiare  
l ' ades ione di  cellule al ve t ro  come fenomeno  vi ta le  col- 
legato ai f enomeni  di a t t a c c a m e n t o  a t t ivo  e di  r ip rodu-  
zione cellulare. 
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