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Growth of secondary pulmonary or pulmonary and peritoneal tumour 
in animals carrying a ll-day primary thigh tumour. Control animals 
same only without thigh tumour 

Experimental Controls 
animals 
Perito- Lung Perito- 
neunl neum 

Lung 

Tumour line 
Glioma: turnout incidence 
Prostate: turnout incidence 
Weights of tumour bearing 
lungs (range in g) 
Average weight of tumour 
bearing lungs (g) 

9/10 2/20 1 0 / 1 0  18/20 
2110 10110 

1.4-1.6 1.9-10.5 

1.5i0.05 4.05-I=2.24" 

Weight of normal lung 1.1-1.6 g, average 1.13=t-0.13 of animal 
weighing approximately 180 g. * P < 0.001. 

l y m p h o c y t e  sens i t i sa t ion  wi th in  s t r ia ted  muscle 4. There  
was con t inued  tu rnou t  g rowth  in the  th igh  and  pe r i t oneum 
of animals  which  had  re jec ted  p u l m o n a r y  tumour .  
We therefore  suggest  t h a t  the  absence  of p u l m o n a r y  
deposi ts  in expe r imen ta l  animals  is due to the  imper-  
viousness of p u l m o n a r y  vasculature .  
As men t ioned  before, t u mo u r  vessels mani fes t  an alpha,  
2, macroglobul in  med ia t ed  imperviousness  to cellular 
e lements  1. I t  is therefore  reasonable  to assume tha t ,  in 
the  case of large turnouts ,  there  is suff ic ient  a lpha,  2, 
macroglobul in  in t he  t u m o u r  ef f luent  also to bind to  the  
vessels dra in ing  the  tumourS,% In the  p resen t  series of 
exper iments ,  i t  was the  p u l m o n a r y  vascula ture  which  
had thus  acquired imperviousness .  
The reverse was also found to hold true.  The adminis -  
t r a t ion  of an alpha,  2, macroglobul in  synthes is  inh ib i to r  
has  been shown to enhance  vascular  pe rmeab i l i t y  and  
to p romote  the  haema togenous  d isseminat ion  of tumour .  
According to Ba t son  ~, pa radoxica l  me tas tases  develop 
as a resul t  of t u m o u r  spread via the  ve r t eb ra l  sys t em 
of veins. This t h eo ry  recen t ly  come under  some cr i t ic ism s . 
The presen t  f indings offer an a l te rna t ive  in t e rp re t a t i on  
of th is  phenomenon .  They  show tha t ,  in the  absence  of 
lung metas tases ,  the  t r a n s p u l m o n a r y  passage of t u m o u r  
emboli  could accoun t  for the  emergence  of t u m o u r  
secondaries  in viscera and bone, e.g. the  d e v e l o p m e n t  of 
l iver and bone secondaries,  in cases of p r i ma ry  p ros ta t i c  
cancer.  

Fig. 2. Crossection of mesenteric vessel from above. Numerous 
tumour cell marginating and transmigrating the vascular wall. • 520. 
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Virus-like particles in the opossum submandibular gland 
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Summary. Numerous  inclusion bodies (virus-like particles) were observed in the  lumina  of the  intercel lular  canaliculi ,  
mucous  tubules  and in t ra lobular  duc ts  of the  opossum submand ibu la r  gland. The par t ic les  are spherical  in outl ine,  
show an electron dense core, and are su r rounded  by  a per iphera l  membrane .  

Inclusion bodies (virus-like particles) have  been  repor ted  
in a var ie ty  of tumors  f rom several  m a m m a l i a n  species, 
including man1-% and general ly  have  been  in t ranuc tear  
or in t r acy top lasmic  in location.  During a s tudy  of pos t -  
na ta l  deve lopmen t  v, we cons is ten t ly  observed numerous  
virus-l ike part icles  in the  lumina  of the  mucous  tubules  
and  in t ra lobular  duc ts  of t he  opossum submand ibu l a r  
gland. These par t ic les  were observed in adul t  animals  and  
in the  ma jo r i t y  of pos tna t a l  s tages examined.  The p resen t  
s tudy  descr ibed the  morpho logy  of the  virus-l ike par t ic les  
observed.  
Materials and methods, N o r t h  Amer ican  opossums (Didel- 
phis virginiana) were used in th is  s tudy.  The animals  were 
t r a p p e d  in centra l  Missouri and all appea red  hea l thy  and 
free of disease. The pos tna t a l  s tages were ob ta ined  f rom 

cap tured  wild animals  or f rom cap tured  animals  bred  in 
cap t iv i ty .  150 animals  were used in the  s tudy  and  were 
collected over  a 3 year  period.  The pouch young opossums 
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Fig .  1. A sect ion t h r o u g h  a m u c o u s  tubu le  of the  opossmn  s u b i n a n d i b u l a r  g l and  i l lus t ra tes  several  s ec re to ry  g ranu les  (G) in the  cell ap ices .  
N u m e r o u s  virus- l ike par t ic les  are  found  in the  lumen  (L) as well as in n e a r b y  in terce l lu lar  canal icul i  (arrows).  6.0 crn opossum • 1500 

Fig.  2. Inc reased  magn i f i c a t i on  of a po r t ion  of the  lumen  of a mucous  tubu le  showing  par t ic les ,  m a n y  of which  c o n t a i n  an  e lect ron dense  
core,  e ach  l imi ted  b y  a m e m b r a n e ,  6.0 cm opossum • 40,000. 
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were d iv ided  in to  t he  fol lowing groups  accord ing  to  t he i r  
s n o u t - r u m p  l eng ths  (SRL) : 1.5, 2.5, 3.5, 4.5, 5.5, 6.0, 7.0, 
8.0, 10.0, 11.0, 13.5, 15.0, 22.0, 29.0, 34.0 and  41.0 cm. 
8 adu l t s  also were used. The  an ima l s  were kil led b y  de-  
c a p i t a t i o n  and  as qu ick ly  as possible  b locks  of t issue were 
r e m o v e d  f rom the  s u b m a n d i b u l a r  g lands  a n d  f ixed for 
4 h a t  0 ~ in 3 .5% g l u t a r a l d e h y d e  buf fe red  in 0.1 M 
p h o s p h a t e  to  a p H  of 7.4. The  t issues were w a s h e d  in 
buffer  and  o smica t ed  in 1:0% o s m i u m  t e t r o x i d e  a t  0 ~ 
for 2 h. The  spec imens  were t h e n  passed  t h r o u g h  pro-  
py lene  oxide, i n f i l t r a t ed  w i t h  a n d  e m b e d d e d  in E p o n  812. 
T h i n  sect ions  of t h i s  m a t e r i a l  were cu t  for e lec t ron  micro-  
scopy, m o u n t e d  on  uncoa ted  grids, a n d  s t a ined  wi th  
u r a n y l  ace t a t e  a n d  lead c i t ra te .  The  sect ions  were exam-  
ined in an  RCA E M U - 3 F  e lec t ron  microscope ope ra t ed  a t  
5O kV. 
Results and discussion. N u m e r o u s  inclus ion bodies  (virus- 
l ike par t ic les)  were obse rved  in the  l u m i n a  of m u c o u s  
t ubu l e s  and  of i n t r a l o b u l a r  duc t s  of t he  opossum sub-  
m a n d i b u l a r  gland.  Over  the  3 yea r  per iod  in which  tile 
s t u d y  was conduc ted ,  such  par t ic les  were cons i s t en t l y  
found  in all a d u l t  an ima l s  and  in all  p o s t n a t a l  s tages  
examined ,  w i t h  the  excep t ion  of n e w b o r n  (1.5 cm) an ima l s  
k n o w n  to be less t h a n  12 h old. The  par t ic les  were a b u n -  
d a n t  in the  l u m i n a  of mucous  tubu le s  and  of i n t r a l o b u l a r  

duc t s  and  of ten  appea red  to c lump  a n d  to form i r regu la r  
aggrega tes  (figure 1). The  par t ic les  also were obse rved  in 
t he  in te rce l lu la r  canal icul i  loca ted  be tween  ceils of the  
mucous  tubules .  S imi lar  pa r t i c les  were no t  obse rved  in t he  
nuclei  or in  the  c y t o p l a s m  of cells compr i s ing  t he  sub-  
m a n d i b u l a r  g land  (figure 1). The  par t ic les  for the  m o s t  
p a r t  are spher ica l  in  out l ine ,  un i fo rm  in size, and  e x h i b i t  
a d is t inc t ,  centra l ,  e lec t ron  dense  core. They  are l imi ted  
e x t e r n a l l y  b y  a d i s t inc t  p e r i p h e r a l  m e m b r a n e  (figure 2). 
Tile ou t e r  d i a m e t e r  of the  par t ic les  ranges  f rom 100 n m  
to  150 n m  a n d  t he  cen t r a l  core r anges  f rom 50 n m  to 70 n m  
in  d i ame te r .  The  par t ic les ,  w i t h  regard  to  size, loca t ion  
and  morpho logy ,  are qu i te  d i s t i nc t  f rom the  a d j a c e n t  
sec re to ry  g ranu les  of the  cells t h a t  m a k e  up  t he  m u c o u s  
t ubu l e s  (figure 1). 
The  a p p e a r a n c e  of these  par t ic les  is r e m a r k a b l y  s imi la r  
to  t h a t  of n u m e r o u s  vi ruses  r epo r t ed  s. Unl ike  t he  m a j o r i t y  
of v i rus  r epo r t ed  to date ,  however ,  t he  par t ic les  obse rved  
in t he  opossum s u b m a n d i b u l a r  g land  were no t  n o t e d  in 
e i the r  the  nuc leus  or the  c y t o p l a s m  of c o m p o n e n t  cells. 
The  virus- l ike  par t ic les  a p p e a r  n o n p a t h o g e n i c  and  t h e i r  
n a t u r e  and  role is u n k n o w n .  
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Close  a s s o c i a t i o n  of e r y t h r o c y t e s  w i t h  surface  of late  m o u s e  b la s tocys t s :  S E M  analys i s1  
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Summary. SEM ana lys i s  of p r e i m p l a n t a t i o n  mouse  b l a s tocys t s  reveals  closely associa ted  red blood cells on  i nvo lu t ed  
surfaces  of t rophob la s t s ,  a n  ind ica t ion  of t he  c a p a b i l i t y  for  in i t ia l  phases  of phagocy tos i s  ~t  a n  ear ly  d e v e l o p m e n t a l  
stage.  

A m o n g  changes  wh ich  occur  in  the  cel lular  phys io logy  
of m a m m a l i a n  b l a s tocys t s  p r epa r ing  for i m p l a n t a t i o n  are 
those  concerned  w i t h  the  d e v e l o p m e n t  of i nvas iveness  
a n d  p h a g o c y t i c  p roper t i e s  of t rophob las t s .  Ev idence  for 
t he  l a t t e r  is based  on  a) h is to logical  d e m o n s t r a t i o n  of 
inclus ions  of cel lular  debr i s  a n d  e r y t h r o c y t e s  (RBCs) in  
t r o p h o b l a s t i c  g i an t  cells of i m p l a n t e d  embryos3,  4, and  
b) l igh t  microscopic  d e m o n s t r a t i o n  of u p t a k e  of p a r t i c u l a t e  
m a t t e r  b y  gu inea-p ig  t r o p h o b l a s t s  in v i t ro  5. I nges t i on  
of m a t e r n a l  t i ssues  and  cells b y  phagocy tos i s  is be l ieved 
to be one of the  physio logica l  m e c h a n i s m s  for n u t r i t i o n  
of i m p l a n t i n g  embryosS.  Dur ing  SEM ana lys i s  of p re im-  
p l a n t a t i o n ,  zona-free mouse  b las tocys ts ,  closely associa ted  
red  b lood  cells on  t r o p h o b l a s t  surfaces were observed .  
Th i s  p r e l i m i n a r y  r e p o r t  descr ibes  th i s  associa t ion  and  i ts  
possible  r e l a t ionsh ip  to the  a t t a c h m e n t  phase  of phago-  
cytosis .  
Methods and materials. B r i n s t e r ' s  m e t h o d  7 was used to 
o b t a i n  b l a s tocys t s  f rom inbred ,  Swiss -Webs te r  mice. The  
e m b r y o s  were col lected f rom the  u t e r ine  f lush ing  a n d  
washedS to r e m o v e  c o n t a m i n a n t s .  The  washed  e m b r y o s  
were cu l tu red  in v i t ro  for 2 h 8, t h e n  f ixed for s cann ing  
e lec t ron  mic roscopy  9. The  f ixed e m b r y o s  were gen t ly  
cen t r i fuged  (7 m i n  a t  300 •  5~ on to  mi l l ipore  discs 
wh ich  were s u b s e q u e n t l y  d e h y d r a t e d  t h r o u g h  inc reas ing  
c o n c e n t r a t i o n s  of e t h a n o l  (50-100%),  cr i t ica l  p o i n t  dr ied,  
t h e n  gold coa ted  (200-500 K) pr ior  to  e x a m i n a t i o n  b y  
m e a n s  of an  E T E C  Autoscan .  
Results and discussion. Figures  1 and  2 i l lu s t r a t e  resu l t s  
of t he  s cann ing  e lec t ron  microscopic  e x a m i n a t i o n .  T h e  
f r equency  of o b s e r v a t i o n  of e m b r y o s  w i t h  assoc ia ted  

e r y t h r o c y t e s  r ep resen t  a p p r o x i m a t e l y  30% of severa l  
groups  obse rved  a t  th i s  d e v e l o p m e n t a l  stage.  The  asso- 
c ia ted  e r y t h r o c y t e s  i l l u s t r a t ed  in f igure 1 and  2 do no t  
h a v e  the  fragile, top ica l  a t t a c h m e n t  w i th  t r o p h o b l a s t  
surface  descr ibed  b y  o the r s  TM w h e n  an t igen ic  si tes of 
la te  mouse  b l a s tocys t s  are labeled w i t h  sheep RBCs.  
The  i nvo lu t ed  surface m e m b r a n e s  and  a t t a c h m e n t  of 
the  e r y t h r o c y t e s  to  the  surface  b y  microvi l lous  processes  
(figures 1 and  2) is in accord  w i t h  repor t s  descr ib ing  
p h a g o c y t i c  c r a t e r s n - l a  a n d  a t t a c h m e n t  of par t ic les  
to  m a c r o p h a g e  surfaces d u r i n g  t he  a t t a c h m e n t  p h a s e  of 

1 Acknowledgment. This study was supported by NICHD grant 
HD-06234 and NIH grant RR-05384. 

2 Author for reprint requests. 
3 D.W. Faweett, G. B. Wislocki and C. M. Waldo, Am. J. Anat. 

81,413 (1947). 
4 D. Hernandes-Verdun and C. Legrand, J. Embryol. exp. Morph. 

54, 633 (1975). 
5 N.O. Owers, in: The Biology of the Blastocyst, p. 225. Ed. 

R. J. Blandau. University of Chicago Press, Chicago 1971. 
6 W.A. Winlsatt, Am. J. Obstet. Gynec. 84, 1568 (1962). 
7 R.L. Brinster, J. Reprod. Fert. 13, 413 (1967). 
8 R.L. Brinster, Adv. Biosci. d, 199 (1969). 
9 P.G. Calarco and C. J. Epstein, Devl. Biol. 32, 208 (1973). 
10 S. Bergstr6m and S. H~kansson, J. Reprod. Med. 74, 210 (1975). 
11 J.M. Papadimitriou, J.M. Findlay-Jones and M. N. Waiters, 

Exp. Cell Res. 76, 353 (1973). 
12 M. Bessis, in: Corpuscles: Atlas of Red Blood Cell Shapes, 

Chapter XVI, Figs. 1-8. Springer, Berlin 1974. 
13 M.N.-I. Walters, J. M. Papadimitriou and T. A. Robertson, J. 

Path. ]18, 221 (1976). 


