
15.9. 1977 Specialia 1217 

causing inh ib i t ion  of non-chol ine  es terases  6,~. This indi- 
cates  tha t ,  a t  a concen t r a t i on  of 10 .4 M, it is specifically 
chol ines terase  t h a t  is inhibi ted ,  suggest ing t h a t  the  higher  
concen t ra t ion  would be needed  for t he  pene t r a t i on  of the  
inh ib i to r  t h r o u g h  the  in t ac t  cell m e m b r a n e  and  for the  
ma in t enance  of an effect ive in t racel lu lar  concen t ra t ion  of 
t he  inhib i tor  b roken  d o w n  by  chol inesterases  s. 
The 2 inh ib i tors  used in t he  p re sen t  s t u d y  caused ident ica l  
effects  in t he  d i f fe ren t ia t ing  sympa th icob las t s ,  thus  
fu r the r  emphas iz ing  the  role of ace ty lchol ines terase  inhi- 
b i t ion  as the  basic cause for the  changes.  
The m e s e n c h y m a l  e lements  in the  cul tures  p resen ted  an 
in te res t ing  o p p o r t u n i t y  to  compare  the  effects of the  in- 
h ib i tors  on sym pa th i cob l a s t s  and non-neura l  cells in the  

same culture.  The effects  p roved  to be neuron-specif ic .  
Moreover,  is seemed no t  to be a ques t ion  of an acute  toxic  
inf luence of the  inhib i tors  on nerve  ceils, b u t  of an inhibi-  
t ion  of g rowth  and d i f fe ren t ia t ion  of sympa th i cob la s t s  
appear ing  in the  course of d e v e l o p m e n t  in culture.  The 
resul ts  of the  p resen t  s t u d y  s t rongly  suggest  t h a t  cholin- 
esterases p lay  a s ignif icant  role in the  ear ly  d i f fe ren t ia t ion  
of t he  sympath icob las t s .  
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Summary. The lysosomes of b o t h  Novikoff  h e p a t o m a  and  l iver f rom Novikoff  h e p a t o m a - b e a r i n g  ra ts  were found to  
be re la t ively  i n t ac t  s t ruc tura l ly ,  lower in acid p h o s p h a t a s e  ac t iv i ty ,  grea t ly  deple ted  in n u m b e r  b u t  w i th  near ly  normal  
m e m b r a n e  in tegr i ty  when  compared  wi th  normal  liver. 

Mount ing  evidence indica tes  t h a t  lysosomal  enzyme  re- 
lease m a y  a c c o m p a n y  ma l ignan t  g rowth  and  invasion.  
On the  basis  of enzyme  ac t iv i ty  s tudies  pe r fo rmed  on 
mouse  in te rs t i t i a l  t u m o r  fluid, Sylv6n has pos tu la ted  
t h a t  leakage of ac t ive  lysosomal  enzymes,  f rom t u m o r  
and /o r  host ,  cells, m a y  occurK Pure  lines of cu l tured  
t u m o r  cells release or secrete  enzymic  p ro te ins  a and  
Carevid et  al. have  d e m o n s t r a t e d  t h a t  acid p h o s p h a t a s e  
release accompanies  t he  course of progressive inf i l t ra t ion 
of the  liver by  leukemia  4. Our objec t ive  was to charac ter ize  
release poss ibly  associa ted  wi th  the solid form of Novikoff  
h e p a t o m a  (an ex tens ive ly  documen ted ,  h ighly  invas ive  
t u m o r  5), b y  compar ing  the  levels of the  lysosomal  marker ,  
acid phospha tase ,  in cont ro l  l iver with the  levels in t u m o r  
and  t u m o r - i n v a d e d  r a t  liver. These act ivi t ies  were corre- 
la ted  wi th  lysosomal  pe rmeabi l i ty ,  to p rov ide  a measure  
of m e m b r a n e  leakage. Final ly ,  a h i s tochemica l  approach  

enabled  us to corre la ted  the  d i s t r ibu t ion  of lysosomes in 
tumor ,  t u m o r - i n v a d e d  l iver and no rma l  liver w i th  the  
cellular d i s t r ibu t ion  of acid phospha t a se  ac t iv i ty .  
Materials and methods. Male Sp rague -Dawley -Ho l t zman  
ra ts  weighing 250-350 g were p rov ided  w i t h  Pur ina  Lab  
Chow and wa te r  ad l ib i tum.  Over a per iod of 11 weeks, 
Novikoff  h e p a t o m a  (kindly p rov ided  by  Dr E rn es t  Borek, 

1 Acknowledgments. We thank Dr Ellen Rasch for her valued 
advice and interest in the project. We are grateful to M. P. Shaw 
for help with the acid phosphatase assay. 

2 B. Sylv6n, in: Endogenous Factors Influencing Host-Tumor 
Balance, p. 271. University of Chicago Press, Chicago 1967. 

3 B. Holmberg, Cancer Res. 21, 1386 (1961). 
4 D. Carevid, V. gverko, M. Boranid and V. Prpid, Experientia 30, 

241 (1974). 
5 A.B. Novikoff, Cancer Res. 77, 1010 (1957). 

Free, total and unsedimentable acid phosphatase activities in whole liver homogenates of normal and Novikoff hapta-bearing rats and in 
whole tumor homogenates. Lysosomal membrane permeability to substrate (alpha-napthol acid phosphate) and to acid phosphatase for the 
same 3 tissues 

Tissue homogenate Acid phosphatase activity Lysosomal membrane 
([/.moles P[15 min/g wet weight) permeability 

Free ~) Total b) Unsedimentable c) Enzyme a) 
(acid P'ase) 

Control liver* 1580 ~: 241 (44)  2070 i 292 (44)  60.3 :t: 6.9 (29) 2.9 ! -- 0.53 
Liver of rat bearing Novikoff hepatoma* 423 4- 38 (48) 552 -4- 34 (49)  46.7 =E 12.1 (29) 8.5 • 2.3 
Novikoff hepatoma** 60.5 =~ 3.2 (51) 90.0 =[: 4.5 (51) 9.76 ~ 1.2 (26) 10.8 -4- 1.4 

Substrate e) 
(T-napthol P) 

75.5 _L 16.3 
74.6 ~ 9.6 
63.2 -4- 5.6 

Values for enzyme activity are computed as means • SEM. Numbers of experiments in parentheses. * 1 test animal utilized in each experiment. 
�9 * Duplicate experiments performed on each test animal. ~) Free activity - enzyme activity in 0.25 M sucrose homogenate; b) total activity - 
enzyme activity following homogenization in 0.25 M sucrose containing 1% Trition X-100 detergent, to cause complete release of enzyme 
activity from the lysosomes ; e) unsedimentable activity - the 0.25 M sucrose homogenate was centrifuged at 270,000 • g for 1 h, and the enzyme 
activity was measured in the supernatant fraction, a) The ratio of unsedimentable to total activity (expressed in percent) gives the lysosomal 
membrane permeability to acid phosphatase, e) The ratio of free minus unsedimentable activity to total minus unsedimentable activity 
(expressed in percent) gives the lysosomal membrane permeability to ~-napthol acid phosphate. 
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Un ive r s i t y  of Colorado Medical Center,  Denver)  was 
serially t r ansp l aned  in to  a to ta l  of 50 animals.  Studies  
were conduc ted  on 2=8-day-old t r a n s p l a n t  s. I m m e d i a t e l y  
following decapi ta t ion ,  r a n d o m l y  selected samples  of 
b o t h  liver and  t u m o r  in add i t ion  to k idney  which  served as 
a h i s tochemica l  cont ro l  were fixed in formal-ca lc ium s, 
sect ioned on a c ryos t a t  and  s ta ined  for lysosomes using 
the  m e t h o d  of Barka  and  Anderson  ~. The remain ing  l iver 
and t u m o r  t issue was r ap id ly  cooled in ice-cold 0.25 M 
sucrose, minced  wi th  scissors and separa te ly  homogenized ,  
using a P o t t e r - E l v e h j e m  glass-tef lon homogenizer ,  The 
homogena t e s  were assayed  for acid phospha tase ,  the  
mos t  widely  used marke r  enzyme  for lysosomes 8, using 
the  m e t h o d  descr ibed b y  Allen and Gockerman  9, w i th  
a l p h a n a p t h y l  acid p h o s p h a t e  as subs t ra te .  The results  are 
r epor ted  as  free, to ta l  and  unsed imen tab le  act ivi t ies  
(amoles of inorganic  p h o s p h a t e  l iberated/15 min  gm wet  
weight) .  The ra t io  of unsed imen tab le  to  to ta l  ac t iv i ty  was 
used as an  index  for in vivo lysosomal  m e m b r a n e  per-  
meab i l i ty  to acids phospha tase ,  i.e. as a measure  of leak- 
age of enzyme  ac t iv i ty  4, a l though  we apprec ia te  t he  
poss ibi l i ty  t h a t  unsed imen tab l eac t i v i t y  could be due to 
rup tu re  of lysosomes dur ing  homogeniza t ion  or to enzyme 

p resen t  in the  cy top lasmic  sap f rom the  t ime of its syn the -  
sis. The free par t i cu la te  ac t iv i ty  was calcula ted by  sub- 
s t rac t ing  the  unsed imen tab le  ac t iv i ty  f rom the  free act iv-  
i ty  and the  to ta l  pa r t i cu la te  ac t iv i ty  was ca lcula ted  b y  
subs t r ac t ing  the  unsed imen tab l e  ac t iv i ty  f rom the  to t a l  
ac t iv i ty .  The rat io of free par t i cu la te  to to ta l  pa r t i cu la t e  
ac t iv i ty  was t h e n  used as an index  for in vivo lysosomal  
m e m b r a n e  pe rmeab i l i ty  to  subs t r a t e  10. 
Results. In  bo th  Novikoff  h e p a t o m a  and  in the  liver of 
t umor -bea r ing  ra ts  the  free, total ,  and  unsed imen tab le  
acid phospha t a se  a c t i v i t i e s  were lower t h a n  in contro l  
l iver (table). The decrease  in free and  to ta l  ac t iv i t ies  was  
especial ly p ronounced  in the  h e p a t o m a  (25fold less t h a n  
controls) b u t  was also s ignif icant ly  lower in the  i nvaded  

6 A. Pearse, in: Histochemistry, p. 787. Little, Brown and Co., 
Boston 1961. 
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121. Holt, Rinehart and Winston, Inc., New York 1970. 
9 A.M. Allen and J. Gockerman, Ann. N. Y. Acad. Sci; 721,616 

(1964). 
10 C. de Duve and H. Beaufay, Biochem. J. 73, 610 (1959). 

Fig. 1. Control liver. Large nurrlbers of lysosomes appear as dense deposits of reaction product in the peribiliary regions of the liver cells (1), 
• 640. 
Fig. 2. Liver of a Novikoff heptoma-bearing rat. Liver is not invaded by tumor. Lysosomal concentration is less than in controls, as evidenced 
by the ability to visualize individual lysosomes (1). Incipient hemorrhage is manifest in the presence of an increased number of interstitial red 
blood cells (r). x 640. 
Fig. 3. Liver of a Novikoff heptoma-bearing rat. Liver is being actively invaded at its periphery by metastasizing tumor (not shown). Cellular 
atrophy is extremely pronounced (a) and interstitial red blood cells are profuse (r). Lysosomal activity is fairly low (1). • 640. 
Fig. 4. Novikoff heptoma. The paucity of acid phosphatase activity in tumor cells (t) stands in marked contrast to the intense staining found 
in nearby proliferating maerophages (m). • 640, 
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l iver  (4fold less t h a n  controls) .  The lysosomal  m e m b r a n e  
p e r m e a b i l i t y  to acid phospha t a se  was 4 t i m e s  h igher  
t h a n  controls  in t he  t u m o r  and 3 t imes  h igher  in t umor -  
i nvaded  l iver however ,  a p p r o x i m a t e l y  9/10 of t he  to ta l  
t issue acid p h o s p h a t a s e  ac t iv i ty  r emained  m e m b r a n e -  
seques tered .  Lysosomal  m e m b r a n e  pe rmeab i l i t y  to 
s u b s t r a t e  in t u m o r  and t u m o r - i n v a d e d  liver was  no t  
s igni f icant ly  d i f ferent  f rom contro l  liver, suggest ing t h a t  
loss of m e m b r a n e  in tegr i ty  in i n t ac t  lysosomes ,  is no t  
assoc ia ted  wi th  ei ther  the  cancerous  State or w i th  hos t  
response  to  invasive ac t iv i ty .  
His tochemica l ly ,  fewer lysosomes were observed in 
Novikoff  h e p a t o m a  ceils (figure 4) t h a n  in normal  l iver 
cells (figure 1). In  m a n y  t u m o r  sect ions  the  only  acid 
p h o s p h a t a s e  ac t iv i ty  to be de tec ted  was t h a t  associated 
w i t h  the  whi te  blood cells. In  the  t u m o r - i n v a d e d  liver 
(figure 3) the  lysosomes were more  plent i ful  t h a n  in the  
t umor ,  b u t  less a b u n d a n t  t h a n  in normal  liver, and cellular 
a t r o p h y  and evidence of h e m m o r h a g e  was pronounced .  
An in t e rmed ia t e  condi t ion  was seen in t he  livers of t u m o r  
bear ing  ra ts  t h a t  had  no t  been  ac t ive ly  invaded  by  hepa-  
t o m a  (figure 2). 
Discussion. Our d a t a  allows us to  der ive several  conclu- 
s ions concern ing  the  na tu re  of lysosomal  enzyme release, 

if such a p h e n o m e n o n  indeed  occurs, in Novikoff  hepa-  
t o m a  and  t u m o r - i n v a d e d  liver. The low intracel lular  levels 
of acid phospha t a se  p r e s en t  in these  t issues  indica tes  
t ha t ,  if any  loss of lysosomal  enzyme  to the  ext racel lu lar  
space occurs, i t  is no t  to t a l ly  c o m p e n s a t e d  for wi th in  the  
cell, e.g. b y  increased pro te in  synthes is .  Since the  lyso- 
somes of these  t issues show near ly  no rma l  m e m b r a n e  
in tegr i ty ,  leakage f rom in t ac t  b u t  s t ruc tu ra l ly  d amaged  
lysosomes (a co mmo n  m e c h a n i s m  in var ious  pathological  
processes  o the r  t h a n  cancer  1~ can n o t  be evoked as an 
exp lana t ion  for p r i m a r y  enzyme loss. An hypothes i s ,  
based  on our  observa t ion  of decreased n u mb er s  of mor-  
phological ly  normal  lysosomes in b o t h  the  cancerous  
t issues analysed,  would  s u p p o r t  a mechan i sm of selective 
lysosomal  rupture .  Indeed ,  such a mechan i sm migh t  
expla in  the  ex tens ive  necrosis  t h a t  we observed  in the  
hos t  l iver tissue, since selective lysosomal  rup tu re  is 
known  to  cause the  des t ruc t ion  of cellular and  ex t ra -  
cellular mater ia l s  8. 

11 H. Beaufay and C. de Duve, Biochem. J. 73, 604 (1959). 
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6, 63 (1974). 
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Summary. The epidermis ,  which  lines the  uropygial  invagina t ions  and  which  t h e n  forms the  p r i m a r y  and  secondary  
buds ,  is s epa ra ted  f rom the  m e s e n c h y m a  by  an un i n t e r ru p t ed  basal  lamina.  Be tween  the  end of the  in te rna l  morpho-  
genesis and the  beginning  of the  secre tory  act iv i ty ,  d i rect  in te r t i ssu lar  con tac t s  are es tabl ished t h ro u g h  the  gaps in 
the  basal  lamina.  They  appear  to be re la ted to the  induct ion  of g landular  d i f ferent ia t ion.  

Numerous  s tudies  have  shown t h a t  the  morphogene t i c  
d e v e l o p m e n t  of d i f ferent  organs depends  on the  inter-  
ac t ion  be tw een  epi thel ia l  and m e s e n c h y m a l  componen t s  
of organ rud iments .  The avai lable da t a  concerning th is  
in te rac t ion  have  been the  subjec t  of several  reviews 2,3, 
b u t  t he  t ransmiss ion  mechan i sm of the  induc t ive  signals 
have  no t  been  clearly defined.  The suggest ion t h a t  diffu- 
sion of h igh-molecular -weight  mate r ia l  migh t  med ia te  the  
induc t ive  effects  w i thou t  d i rect  con tac t s  be tween  the  
m e s e n c h y m a l  and  epi thel ia l  cells was originally based on 
t rans f i l t e r  expe r imen t s  bel ieved to exclude cell con tac t s  4. 

However ,  a posi t ive  correla t ion was observed  be tween  
successful t ransf i l te r  mouse  k idney  tubu les  induc t ion  and  
the  e s t ab l i shmen t  of a d i rect  appos i t ion  of cy toplasmic  
processes f rom the  inteI ac t ing  cells in the  fil ter channels  ~, 6. 
Direct  cell con tac t s  occurr ing dur ing  epi thel io-mesen-  
chymal  in terac t ion  in the  normal  k idney  tubules  induct ion  
in vivo suppor t  the  hypo thes i s  t h a t  d i rect  intercel lular  
con tac t  is the  induct ion  mechan i sm in th is  s y s t em 7. Such 
con tac t s  are observed in several  developing t issues : foetal  
mouse  liver 8, t o o t h  buds  in the  ca t  9, in the  r a t  10, h u m a n  
regenera t ing  skinl t ,  r a t  duodena l  mucosa~2 and  ra t  sub-  
mand ibu l a r  gland 1~. 

_:nd-bud 

Ductal component 

Fig. 1. Schematic representation of the uropygial tubule terminal 
part at the end of the morphogeiiesis, showing the zone of direct 
eeto-mesodermal contacts. 
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