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It was shown with the aid of the scanning e l ec t ron  m i c r o s c o p e  that in the course  of in terac t ion  
between lymphocytes  of BALB/c mice  with methylcholanthrene- induced s a r c o m a  and autologous 
tumor  cei ls  the s ta te  of the su r face  m e m b r a n e s  of the cei ls  underwent substant ia l  changes.  
Lymphocytes  s epa ra t ed  f rom autologous tumor  cei ls  by means  of a Mill ipore f i l ter  i m p e r m e -  
able to the cel ls  fo rmed  long cy top lasmic  p r o c e s s e s  which passed  through the pores  of the f i l ter  
and es tab l i shed  close contact  with the tumor  ce l l s .  Under these conditions the tumor cel ls  be -  
came spher ica l  in shape,  they swelled,  and "holes"  appeared  in the sur face  m e m b r a n e ,  lead-  
ing to lys is  of the cell .  
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The w r i t e r s  showed prexriously [3] that  lymphocytes  of BALB/c mice  with a methy lcho lan threne- in -  
duced s a r c o m a ,  if grown in cul ture  in diffusion c h a m b e r s ,  inhibited the " sphe ro id - fo rma t ion"  by tumor cel ls  
and had a ma rke d  cytotoxic action. Under these c i r c u m s t a n c e s  the lymphocytes  and tumor  cel ls  were  s ep -  
ara ted  f rom each other  by a ~ i l l i p o r e  f i l ter  i m p e r m e a b l e  to the cel ls  and the r e su l t  could be evidence of 
the humora l  nature  of the obse rved  effect .  These  findings a re  in good a g r e e m e n t  with invest igat ions [4, 5, 
9, 16] by worke r s  who cons ider  that the cytotoxic action of lymphocytes  act ivated by antigens of t a rge t  cel ls  
is due to highly act ive humora l  subs tances  of the lymphokinin type, synthesized and sec re ted  by lymphocytes .  
However ,  this does not agree  with the genera l ly  accepted  view that d i r ec t  "physical"  contact  between lymph-  
ocytes  and the cor responding  ta rge t  cel ls  is n e c e s s a r y  [1, 13]o 

This  contradiction in the data s t imula ted  i n t e r e s t  in an invest igat ion,  descr ibed  below, to study the 
c h a r a c t e r  of in te rac t ion  between lymphocytes  and tumor  cel ls  on a m e m b r a n e  f i l ter  ( f rom functional and 
physica l  aspects)  by studying the s ta te  of the cell  su r f aces  of  the in terac t ing  e l ement s ,  which play an i m -  
por tant  ro le  in functional act ivi ty  of the ceil .  

E X P E R I M E N T A L  M E T H O D  

Interac t ion  of lymphocytes  and autologous tumor  cel ls  was studied during their  cul ture  in " t r ip le"  
diffusion c h a m b e r s  mounted so that the two types of cel ls  were  separa ted  f rom each other by a Millipore 
f i l te r .  The t a rge t  ce l l s  w e r e c e l l s  of a po lymorphonuc lea r  s a r c o m a  induced in BALB/c mice  by 20- 
methy lcholan threne .  The tumor  was minced and broken up with a 0.5% solution of t ryps in  (Spofa) in Hank's  
solution. One c o m p a r t m e n t  of the diffusion chamber  contained 1 • living tumor cel ls .  These  cel ls  formed 
colony- l ike  s t r u c t u r e s  on the Millipore f i l ter  r e semb l ing  the "sphero id"  descr ibed  by Sutherland and Credie  
[15]. The second c o m p a r t m e n t  of the diffusion chambe r  contained 1 • 106 autologous lymphocytes .  Lympho-  
cytes  of intact  syngeneic  an imals  acted as the control .  

To p r e p a r e  the diffusion c h a m b e r s ,  Mill ipore f i l t e r s  (VUFS, Czechoslovakia)  with a pore  s ize of 0.2- 
0.3 ~ and a thickness  of 100 ~ were  used. The diffusion chambe r s  were  mounted by the usual method and 
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implanted into the per i tonea l  cavit i ty of intact  syngenic an imals .  On the 3rd day the c h a m b e r s  we re  r e -  
moved and the f i l t e r s  were  fixed and taken up through alcohols of inc reas ing  s t rength ,  for 5 rain in each 
s t rength.  After 100%alcohol the f i l te rs  were  dr ied  in a i r  f o r  30 rain and placed in a vacuum spray .  The 
spec imen  was sp rayed  with gold with the suppor t  t i l ted at d i f ferent  angles.  Specimens  p r e p a r e d  in this way 
were  examined in the S te reoscan  scanning e lec t ron  mic roscope  under an angle of 45 ~ to the incident e l e c -  
tron beam with an acce le ra t ing  voltage of 15-20 kV. 

EXPERIMENTAL RESULTS 

The surface of the lymphocytes of intact syngeneic animals was compared with the surface of lympho- 
cytes  f r o m  the mice  with tumors .  The lymphocytes  of the l a t t e r  had cons iderable  cytotoxic act ivi ty  when 
cul tured with the tumor  cel ls  on the opposite side of the Mill ipore f i l te r .  At the s ame  t ime the sur face  of 
the t umor  cel ls  was studied when cultured with autologous lymphocytes  and with intact  lymphocytes  front  
syngeneic an imals .  

The lymphocytes  of the intact  BALB/c mice  were  single ce l l s ,  not making contact  with each  other ,  
r e semb l ing  in appearance  s imple  round " s p h e r e s "  with a sl ightly rough sur face .  They were  at tached to the 
Mill ipore f i l ter  by s eve ra l  shor t ,  thin p r o c e s s e s ,  given off f rom the sur face  of the lymphocyte .  Lympho-  
cytes  obtained f rom the lymph glands of mice  with a methylcholanthrene- induced s a r c o m a  were  c h a r a c t e r -  
ized by cons iderable  i r r egu l a r i t i e s  of the sur face  and by the format ion  of numerous ,  f requent ly  long p r o c e s -  
ses .  By means of them the cel ls  made contact  with each  other .  The p r o c e s s e s  d i f fered  g rea t ly  in thick-  
ness  - f r o m  thin mic ro f i l amen t s  (200-500 A) to fa i r ly  thick cy top lasmic  bands (0.1-0.2 #) .  Somet imes  the 
length of the bands was g r e a t e r  than the d i ame te r  of the cei ls .  In the w r i t e r s '  opinion these bands were  
identical  with the uropodia desc r ibed  by McFarland et al.  [7]. McFar land [8] and R o s e n s t r e i c h  et al.  [14] 
consider  that the uropodia a re  " r ecep to r  o rgans"  respons ib le  for  the possible  and var ied  contacts  taking 
place between lymphocytes  and t a rge t  ce l l s ,  producing an "explos ive"  i nc rea se  in the sur face  a r e a  of the 
lymphocyte by means  of the "mic ro f i l amen t s "  [12]. S imi lar  changes in the m e m b r a n e  sur face  of immune 
lymphocytes  were  obse rved  prev ious ly  by one of the p re sen t  wr i t e r s  (T.P.E.)  in expe r imen t s  to cult ivate 
sensi t ized lymphoeytes  in diffusion chamber s  implanted in an imals  inoculated with a tumor  [2]. 

The study of the sur face  of tumor ce i l s ,  grown together  with no rma l  lymphoeytes ,  in the scanning 
e lec t ron  mic roscope  showed that these tumor cel ls  have a m i r r o r - s m o o t h  su r face  and were  c lose ly  applied 
to the f i l te r ,  fo rming  a l ayer  on it (Fig. la) .  The su r face  of the tumor  cel ls  grown together  with autologous 
lymphocytes ,  on the other  hand, was sharp ly  modified.  The cei ls  were  spher ica l  in shape,  very  swollen, 
with a loose sur face ,  and appeared  r a i s ed  above the sur face  of the f i l ter  (Fig. lb ,  c, d). Under high power  
(Fig. lc) a tumor  cell  with pa r t s  of its m e m b r a n e  des t royed and with pro t ruding  cy top lasm,  evidently as a 
r e su l t  of d isorganiza t ion  of the cell ,  leading to i ts  lys is ,  can be seen.  In the center  of these cel ls  on the 
m e m b r a n e  there  were  tiny holes 100 A in d i ame te r .  Similar  holes in the red  cell  m e m b r a n e  as a r e su l t  of 
its in teract ion with hemolys in  and complement  were  descr ibed  by Durmashkin  and Rosse  [6]. Humphrey 
[10] cons iders  that one such hole in the outer  l ayer  of the cell  m e m b r a n e s  is suff icient  to cause  [ysis  of the 
t a rge t  cel ls .  

It will be c lea r  f r o m  Fig. ld  that a very  s lender  b i furca ted  p roce s s  of a lymphocyte  approaches  the 
tumor cell  a f te r  penetra t ing through a pore  of the Mili ipore f i l ter  f r o m  the opposite side, thereby crea t ing  
d i rec t  contact  between the lymphocyte and the tumor  t a rge t  cell .  

Consequently,  the lymphocytes  of mice  with a methylcholanthrene- induced s a r c o m a ,  prevented  under 
the conditions of the diffusion chamber  f rom migra t ing  toward the t a rge t  ce l l s  and becoming adsorbed on 
their  su r face ,  f o rm cy top lasmic  p r o c e s s e s  by which they not only adhere  to the Mill ipore f i l ter ,  as is ob-  
se rved  with lymphocytes  f rom intact  mice ,  but they pass  through the pores  of the f i l ter  (0.23 ~) and make 
contact  with the tumor cel ls  on the opposite side of the f i l te r .  This  conclusion is also conf i rmed by the r e -  
suits  of invest igat ions by other  worke r s  [17] who made a mic roscop i c  study of t r a n s v e r s e  sect ions of Mill i-  
pore  f i l t e r s  and showed that the cy top lasmic  p r o c e s s e s  will pene t ra te  through pores  of  the f i l ter  0.2~ in 
d i ame te r  and 25~ thick. The f i l ter  used in the p resen t  expe r imen t s  cannot thus prevent  d i r ec t  contact  be -  
tween lymphocytes  and tumor  cei ls .  

These  r e su l t s  indicate that during ir~.eraction between lymphocytes  and autologous tumor  cei ls  the 
state of the sur face  m e m b r a n e o f  the cel ls  is substant ia l ly  modified.  The sur face  of the lymphocytes  of 
mice with tumors ,  when placed in diffusion chambe r s  with autologous tumor  cel ls ,  was sharp ly  changed: 
long cy top lasmic  p r o c e s s e s  were  fo rmed  by means  of which the lymphocytes  made contact  with tumor  cei ls  
on the opposite side of the f i l ter .  The contacts  obse rved  do not rule  out the poss ibi l i ty  that not all  lympho-  
cytes  make contact  with tumor cel ls ;  evidently some of them (those f i r s t  commit ted  to the tumor  antigen) 
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Fig. 1. Surface of tumor  cel ls  and lymphocytes  in diffusion chamber :  
a) sur face  of tumor  cel ls  on 3rd day of cul ture  in diffusion chamber :  
lymphocytes  of intact  syngeneic an imals  on opposi te  sides of Mill ipore 
f i l t e r s  (45~ 2000• b, c) sur face  of tumor cel ls  on hCillipore f i l ter  
with autologous lymphocytes  on opposi te  side (45~ 10,000• d) con-  
tact  between autologous lymphocytes  and tumor  cel ls  (45~ 20,000• 

es tab l i sh  such contact .  These  lymphocytes  may  be r ega rded  as " t r i g g e r s  ~ of the immune r e sponse .  
They synthes ize  and s e c r e t e  both harmful  f ac to r s  [4, 9] and also subs tances  extending the immune response  
(mitogenie fac tor ,  t r a n s f e r  factor  [4, 11]) whereby those lymphocytes  that have not es tabl ished d i rec t  con-  
tact  with the tumor  cell  a r e  made to par t ic ipa te  in the cytotoxic reac t ion .  
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