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A compara t ive  e l ec t ron -h i s tochemica l  invest igat ion of l y s o s o m e s  in undifferent ia ted and 
highly di f ferent ia ted  cance r  cel ls  of hepatomas  46 and 22a in C3HA mice showed that the 
changes were  m o r e  m arked  in the l y s o s o m e s  of the undifferent ia ted cel ls  of hepa toma 22a. 
The s tate  of the l y s o s o m e s  and degree  of different ia t ion of the t umor  cel ls  could point to an 
impor tan t  ro le  of the l y s o s o m e s  in the p r o g r e s s i v e  growth of neop lasms .  

Var ious  neop la sms  may  undergo marked  changes in the i r  u l t r a s t ruc tu re  in connection with changes in 
the degree  of different ia t ion of the t umor  cells .  

T h e r e  is  now reason  to suppose that one mechan i sm of cell  different iat ion is  linked with the function 
of l y s o s o m e s  [4, 6, 8-10, 15, 16]. 

The study of the l y s o s o m e s  of t umor  cel ls  is  accordingly of g rea t  in teres t .  L y s o s o m e s  were  inves t i -  
gated in the cel ls  of malignant  t u m o r s  differing in the i r  degree  of different iat ion and in the i r  ra te  of 
growth. 

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

The ma te r i a l  for this invest igat ion consis ted of t ransplantable  hepa tomas  22a and 46 of C3HA mice 
[2] and the l i ve r  of healthy C3HA mice.  Hepa toma 22a is  a rapidly  growing strain.  It is  an undifferentiated 
solid hepa toce l lu la r  ca r c inoma  with m arked  po lymorph i sm of i ts  cells .  

The ma te r i a l  r emoved  was p re f ixed  for  2 h in 2.5% glutaraldehyde in 0.1 M cacodylate  buffer ,  pH 7.4 
at 4~ and t h e n w a s h e d  with the s ame  buffer  for  12 h at 4~ Next, sec t ions  were  cut in a c ryos ta t  to a 
th ickness  of 40-50/~ and t r a n s f e r r e d  for  40 min to G o m o r i ' s  incubation medium [11] at 37~ After  incuba- 
tion, the sect ions  w e r e  quickly washed  in cacodytate  buffer  and fixed in 1% osmium te t roxide  solution for  
30 min at 4~ The m a t e r i a l  was  then taken through 2.5% aqueous uranyl  acetate ,  alcohols of increas ing  
concentra t ion for  dehydrat ion,  and acetone and embedded in Epon 812. 

Sections taken through the incubation medium without subs t ra te  acted as  the control.  In pa ra l l e l  
expe r imen t s  m a t e r i a l  was  taken for  o rd inary  e lec t ron  mic roscopy .  Ul t ra thin  sect ions,  300-500 A in th ick-  
ness ,  w e r e  studied in the IEM-7 e lec t ron  mic roscope .  
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Fig. 1. L iver  of C3HA mouse.  Reaction for  acid 
phosphata~e.  L y s o s o m e s  with s t rongly pos i t ive  r e -  
action for  acid phosphatase  a re  c lea r ly  v is ib le  in 
the region of a bi le  capi l lary .  45,000 x. Here  and 
in Figs.  2 and 3: n) cell  nucleus; ni) nuc lear  inclu-  
sion; m) mitochondrion;  1) lysosome;  c) cyto lysome;  
bc) bile capi l lary;  my) microvi l l i ;  er) endoplasmic  
re t iculum.  

Fig. 2. Hepa toma 46. React ion for acid phosphatase.  
Product  of the h i s tochemica l  reac t ion  is c lea r ly  vis ible  
in l y s o s o m e s  d is t r ibuted  throughout the cytoplasm.  
15,800 x. 

E X P E R I M E N T A L  R E S U L T S  

The pa renchymatous  cel ls  of no rma l  l i ve r  showed po la r i ty  in the dis tr ibut ion of the i r  l y sosomes ,  
which wore  mainly  located in the zone of the bi le  capi l la r ies .  The l y s o s o m e s  were  round or  slightly oval in 
shape. The e l ec t ron -dense  homogeneous ma t r i x  of the l y s o s o m e s  was surrounded by a single e l emen ta ry  
membrane .  The number  of l y s o s o m e s  in the cell  va r i ed  f rom one to five. 

The l y s o s o m e s  of no rma l  l ive r  cel ls  of C3HA mice  gave a fa i r ly  s trongly posi t ive  react ion  for  acid 
phosphatase  (Fig. 1). 

In the control  sect ions the reac t ion  for  acid phosphatase  was negative.  

In the highly di f ferent ia ted cance r  cel ls  of the hepa toma  46 staining by Gomor i '  s method revea led  a 
va r i ed  p ic ture  of the lysosome .  The main m a s s  of the cance r  cel ls  contained more  l y s o s o m e s  than n o r m a l  
hepatocytes ,  and the a r r angemen t ,  shape, and s ize  of the l y sosomes ,  differed ve ry  cons iderably  (Fig. 2). 
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Fig. 3. Hepatoma 22a: a) react ion for  acid phosphatase:  
many large ,  elongated lysosomes  in cytoplasm of cell, p ro -  
duct of his tochemical  react ion revealed par t icu la r ly  inten-  
sively beneath lysosome membrane  (section without counter -  
stain, 31,500 x); b) react ion for acid phosphatase: group of 
lysosomes  loin together  into a complex (section without 
counterstain) ,  30,000 x; c) react ion for acid phosphatase.- 
e~pulsion of product  of his tochemical  react ion f rom large  
lysosomes  into cytoplasm (30,000x); d} react ion for acid 
phosphatase,  cytolysomes in adjacent tumor  cells,  var ied  
a r rangement  of product  of h is tochemical  react ion in cyto-  
lysomes:  continuous in one, in d i sc re te  a reas  in another  
( l l ,700x) ;  e) react ion for  acid phosphatase: product  of h i s -  
tochemical  react ion can be observed  in microvi l l i  of tumor  
cel ls  (15,000 x). 

Large  and small,  oval and round, horseshoe-and  glove-shaped lysosomes  were  seen. The staining for  acid 
phosphatase in al l  lysosomes  of these cells  was comparat ively  intense. Often the lysosomes  contained 
vacuoles  and var ious  cytoplasmic inclusions. Many cel ls  had large lysosomes ,  a r ranged  in groups at the 
boundary with the amorphous zone. Individual cells  with single lysosomes  were  seen occasionally.  

In sect ions not react ing for  acid phosphatase the lysosomes  could not be identified. In control  sec -  
tions incubated without substra te  it was also impossible  to detect  the lysosomes .  

In the undifferent iated cancer  cel ls  of the hepatoma 22a the his tochemical  react ion for  acid phos-  
phatase revealed  numerous  lysosomes  occupying a large  par t  of the cytoplasm (Fig. 3a); as  a rule they 
were  la rge  and oval or,  frequently,  cur iously shaped. Frequent ly  the lysosomes  were  grouped into com-  
plexes (Fig. 3b). Lysosomes  and cytolysomes with acid phosphatase l ibera ted  outside the i r  membranes  
were  frequently observed  in hepatoma 22a cel ls  (Fig. 3c). Sometimes cells  with single l a rge  cytolysomes 
in which the acid phosphatase activity was e i ther  continuous or  confined to d i sc re te  a r eas  were  found (Fig. 
3d). A weak, diffuse reac t ion  for  acid phosphatase was observed  in the cytoplasm of these  cel ls  and also 
in the mierovi l l i  (Fig. 3e). Acid phosphatase act ivi ty in the malignant cells  of hepatoma 22a is fa i r ly  high, 
and in some lysosomes  much higher  than in normal  hepatocytes.  

Lysosomes  could not be identified in sect ions not giving a react ion for acid phosphatase,  o r  in the con- 
t ro l  sect ions (without substrate) .  
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Some inves t iga to r s  [3, 5, 12-14, 17] desc r ibe  an inc rease  in the number  of l y s o s o m e s  and in the i r  acid 
phosphatase  ac t iv i ty  in the cancer  cel ls  of ce r ta in  exper imenta l  t umors .  The r e su l t s  of the p re sen t  inves t i -  
gation conf i rm the findings of mos t  of these  w o r k e r s .  The e l ec t ron-h i s tochemica l  study of the l y s o s o m e s  
also showed that, com pa red  with no rm a l  hepatocytes  of C3HA mice,  in cel ls  of hepa tomas  46 and 22a a 
s t ruc tu ra l  and functional reorganiza t ion  of the l y s o s o m e s  has taken place:  the i r  number  is  increased,  the i r  
shape, size,  and a r r a n g e m e n t  in the cel ls  a r e  changed, and the i r  acid phosphatase  act ivi ty is increased.  In 
the cel ls  of the undifferent ia ted hepa toma 22a the changes in the l y s o s o m e s  were  considerable .  These 
changes evidently affected the p r o p e r t i e s  of the l y s o s o m a l  m e m b r a n e s ,  as  is  c l ea r  f rom the abnormal  shape 
of the l y s o s o m e s  and the l ibera t ion  of the enzyme di rec t ly  into the cytoplasm.  

It must  be emphas ized  that the t umor  cel ls  of hepatoma 46 and, in pa r t i cu la r ,  of hepatoma 22a were  
he te rogeneous  with r e s pec t  to the l y s o s o m e s  which they contained. This  phenomenon may be assoc ia ted  
with the exis tence  of different  clones,  with different  s tages  of development  of the tumor  cells ,  and with c e r -  
ta in  other  p rope r t i e s ,  espec ia l ly  the degree  of different ia t ion of the cells.  The evident connection between 
the state of the l y s o s o m e s  and the degree  of different ia t ion of the t umor  cel ls  may point to an impor tant  role  
of the l y s o s o m e s  in the development  of neoplasma.  

It was  difficult to identify the l y s o s o m e s  in the tumor  cel ls  of hepatomas  46 and 22a of C3HA mice  by 
means  of the o rd inary  e lec t ron  mic roscope ,  but the l y s o s o m e s  were  c lea r ly  v is ib le  a f t e r  the reac t ion  for  
acid phosphatase .  One reason  for  th is  phenomenon was probably  the nature  of the u l t r a s t ruc tu r a l  o rgan iza -  
tion of the mal ignant  ce l l s  of the hepa tomas  46 and 22a, in which the shape and size of the l y s o s o m e s  were  
changed and, in addition, the endoplasmic  re t icu lum had undergone cons iderable  reorganiza t ion  (especial ly  
in the hepa toma 22a) : f ragmenta t ion  and the fo rmat ion  of ve s i c l e s  s im i l a r  in shape and size to l y s o s o m e s  
but not containing acid phosphatase .  Another  poss ib i l i ty  is that the low e lec t ron  densi ty of t he i r  ma t r i x  p r e -  
vented detection of the l y sosomes .  Difficulty in finding the l y s o s o m e s  of hepatoma 46 and 22a cel ls  is  also 
r epor t ed  by  B r e s l e r  and c o - w o r k e r s  [1, 7]. They concluded that l y s o s o m e s  a re  not p r e sen t  in the ce l l s  of 
hepa toma 22a but they a r e  p resen t ,  although r a r e ,  in the cel ls  of hepatoma 46. 

The r e su l t s  of the p r e s en t  invest igat ion show that l y s o s o m e s  can be demons t ra t ed  in the cel ls  of 
hepa tomas  46 and 22a only by the use  of h i s tochemica l  m a r k e r s .  
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