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T r a n s m i s s i o n  of  the  ' L y m p h o i d  T u m o u r '  of  Xenopus laevis b y  I n j e c t i o n  of  C e l l - F r e e  E x t r a c t s  ~ 

The ' l ympho id  tu rnout '  in Xenopus laevis was f irs t  
descr ibed by  BALLS2 La te r  we de t e rmined  the  sponta-  
neous incidence of the  tu rnout  which  var ied  dur ing the  
4 years  of observa t ion  be tween  1.5-4.2 % for wild animals,  
and  2.2-7.1% for l abora to ry  b red  animals  8. Localized 
tumours  are first  and main ly  observed  in the  liver, spleen 
and  kidneys  a. Tile t u m o u r  is t ransmiss ib le  to  hea l t h y  
Xen@us by t issue t r a n s p l a n t a t i o n  ~-6. 

In  th is  pape r  we repor t  resul ts  of t he  t ransmiss ion  of 
the  t u m o u r  af ter  in ject ion of cell-free ex t rac t s  p repared  
by  f i l t ra t ion and  high speed cent r i fugat ion  of cancerous 
t issue homogena tes .  As will be shown, our results  differ 
in some aspects  f rom those  previous ly  publ i shed  by  BALLS 
and t~UBEN 7, 8. 

Materia! and methods. The ex t rac t s  were p repa red  by  
homogeniz ing  the  liver of t u m o u r  bear ing  animals  in 
p h o s p h a t e  buffer  solut ion of 0 .01M to a final concent ra-  
t ion of 20-30% (W/V). These homogena te s  were clarified 
by  cen t r i fuga t ion  a t  2000 • g. Tile resul t ing s u p e r n a t a n t  
fluids were for cer ta in  expe r imen t s  again cent r i fuged at  
10,000 • g for 30 min  in a Spinco model  L ul t racentr i fuge,  
ro tor  SW 40. The  s u p e r n a t a n t s  of cen t r i fuga t ion  a t  
2000 X g and 10,000 • g were used as basic mater ia l  in 
all expe r imen t s  descr ibed below. 

Xenopus laevis, of bo th  sexes and  3-4 m o n t h s  of age 
(20-30 m m  mouth-cloaca) ,  were  in jec ted  in to  the i r  dorsal  
l y m p h  sac wi th  0.1 ml  of the  extracts .  In  one expe r imen t  
adul ts  were also u s e d b u t  received 0.5 ml of the  ex t r ac t  
(see f i l t ra t ion exper iment ,  group 1). 

CenCri/ugation. Groups 1 and  2. S u p e r n a t a n t  fluids 
f rom 4 d i f ferent  t u m o u r  homogena tes ,  cent r i fuged at  
2000 x g and  10,000 • g, were in jec ted  in to  47 and 34 
i m m a t u r e  animals  respect ively.  Groups 3, 4 and  5. In  3 
d i f ferent  exper iments ,  using the  s u p e r n a t a n t  fluids f rom 
the  cent r i fugat ions  a t  10,000 • g, fu r the r  cent r i fuga t ions  
a t  130,000 X g (rotor SW 39) were  carr ied out  for 45, 60 
and  150 rain. The 3 d i f ferent  s u p e r n a t a n t s  thus  ob ta ined  
were in jec ted  into 3 groups  of 10, 7 and 5 i m m a t u r e  
animals .  Groups  6 and  7. The s u p e r n a t a n t  fluid f rom a 
cen t r i fuga t ion  a t  10,000 • g was fu r ther  cent r i fuged a t  
150,000 • g (rotor SW 39) for 60 min.  The top  2/3 f rac t ion 
of th is  s u p e r n a t a n t  was again cent r i fuged a t  150,000 • g 
for ano the r  60 rain, and  the  top  1/3 f rac t ion  of t he  last  
s u p e r n a t a n t  was in jec ted  into 10 i m m a t u r e  animals.  The 
pellet  of the  first  cen t r i fuga t ion  at  150,000 • g was sus- 
pended  in a p h o s p h a t e  buffer  solut ion and in jec ted  into 
11 i m m a t u r e  animals.  Group 8. The s u p e r n a t a n t  fluid of 
a cen t r i fuga t ion  at  10,000 • g was fu r the r  cent r i fuged at  
130,000 • g for 45 min.  1~/2 ml  of th is  s u p e r n a t a n t  was 
layered over  successive layers  of 10% and  20% sucrose, 
followed by  cen t r i fuga t ion  at  150,000 • g for 120 min. 
This p rocedure  allowed us to dis t inguish 5 d i f fe rent  
layers, each of which  was in jec ted  into 5 groups of 11, 
11, 8, 7 and 8 i m m a t u r e  Xenopus respect ive ly  (seeTable II).  

Filtration. These exper imen t s  were  carried out  by  
IVfillipore f i l t ra t ion  under  pressure.  Groups 1 and  2. The 
s u p e r n a t a n t s  collected af ter  centrifugafiion of cancerous  
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t issue homogena te s  a t  2000 • g were passed  t h r o u g h  
450 n m  filters. The f i l t ra tes  were t hen  in jec ted  into 67 
i m m a t u r e  (group 1) and 12 adul t  Xenopus (group 2). 
Groups 3 and 4. The s u p e r n a t a n t s  of cent r i fugat ion  of 
cancerous t issue homogena te s  a t  10,000 • g were passed  
th rough  a 450 n m  filter. Pa r t s  of these  f i l t rates  were  
in jec ted  into 34 i m m a t u r e  animals  while the  remain ing  
pa r t s  were  in t u r n  run  t h r o u g h  a 220 nm filter and  t h e n  
in jec ted  into 34 i m m a t u r e  animals.  

Conlrol. The homogena te  of normal  liver, its super-  
n a t a n t  f rom cent r i fugaf ion  at  2000 X g, and the  f i l t ra te  
of t he  la t te r  (450 nm) were in jec ted  into 16 animals  each. 

Results and discussion. The diagnosis of deve lopmen t  
of the  t u m o u r  was based on microscopic examina t ion  of 
t he  liver, spleen and  k idneys  of all in jec ted  animals.  The  
results  of the  cent r i fugat ion  exper iments  of group 1-7 
are p resen ted  in Table  I. The deve lopmen t  of the  t u m o u r  
is observed in 123 out  of 124 animals.  In  groups 3-6, in 
which the  s u p e r n a t a n t  fluids of h igh speed cen t r i fuga t ion  
(cell-free) were used,  t he  incidence of t he  t n m o u r  is as 
high as in groups 1 and 2, in which a low speed centr i fuga-  
t ion  was per fo rmed  and  t u m o u r  cells migh t  have  been  
present .  In  nolle of these  groups is a very  obvious sedi- 
m e n t a t i o n  of the  agent  observed.  Never theless ,  a dif- 
ference in the  in te rva l  of appearance  of t he  t u m o u r  is 
no ted  be tween  the  2 groups of animals  in jec ted  ei ther  wi th  
the  pellet  of the  first  cent r i fugat ion  a t  150,000 • g (1 h) 
or wi th  the  s u p e r n a t a n t  fluid of the  second cent r i fugat ion  

Table I. The incidence of the 'lymphoid tumour' of Xenopus laevis 
following injection of supernatant fluids and the pellet of eentrifuga- 
tion of cancerous tissue extracts 

Group Super- Dura- Autopsy No. of Hosts 
natant tion of in mean hosts with 
fluids centrif- days after with tumour 
( • g) ugation injections tumour (%) 

(rain) Total No. 
of hosts 

1 2,000 20 37 ~ and 50" 47/47 100 
2 10,000 30 29 ~ and 135 ~ 33]34 97 
3 130,000 45 62 10/10 100 
4 130,000 60 47 7/7 100 
5 130,000 150 93 5/5 100 
6 150,000 2 • 60 106 10/10 100 
7 Pellet of 60 42 11111 100 

150,000 • g 

Mean in different experiments. 

Table II. Results of injection of different fractions of ultracentrif- 
ugation of cancerous tissue extract on sucrose solutions (group 8) 

Fractions Autopsy No. of hosts Hosts 
from top in mean days with tumour with 
to bottom after injection Total No. tumour 

of hosts (%) 

105 7~11 63.6 
109 9/11 81.8 
90 7/8 87.5 
86 7/7 100 
76 8/8 100 
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a t  the  same  force, for a n o t h e r  60 m i n  (Table  I, g roups  6 
a n d  7). The  inc idence  of t he  t u m o u r  in b o t h  groups  is 
100% b u t  a n  i m p o r t a n t  di f ference of 64 days  is obse rved  
in i ts  m e a n  appea rance .  

I n  t he  cen t r i f uga t i on  e x p e r i m e n t  of t he  t u m o u r  e x t r a c t  
ove r  2 layers  of sucrose (group 8), t h e  in jec t ion  of t he  
5 d i f fe ren t  f rac t ions  col lected f rom t o p  to b o t t o m  leads 
to t u r n o u t  deve lopm en t .  Resu l t s  as well  as m e a n  i n t e r v a l  
b e t w e e n  in jec t ion  and  o b s e r v a t i o n  of the  t u m o u r  are 
g iven  ill Tab le  I I .  I n  th i s  e x p e r i m e n t  aga in  a s l ight  sedi- 
m e n t a t i o n  effect  is noted�9 Never the less ,  i t  seems t h a t  a 
c e n t r i f u g a t i o n  of t h e  t u r n o u t  e x t r a c t  a t  130,000 • g for 
45 rain,  fol lowed b y  f u r t h e r  c en t r i f uga t i on  of the  resu l t ing  
s u p e r n a t a n t  a t  150,000 • g for 120 m i n  is no t  Sufficient  
to  s e d i m e n t  comple t e ly  t he  t u r n o u t - i n d u c i n g  agent .  These  
resu l t s  are no t  cons i s t en t  w i t h  those  of o the r  workers  who  
found  t h a t  t he  Xenopus laevis ' l y m p h o i d  t u m o u r '  a g e n t  
is g radua l ly  lost  f rom t he  s u p e r n a t a n t  f luid du r ing  cen- 
t r i f u g a t i o n  a t  40,000 • gS. 

In  t he  f i l t r a t i on  e x p e r i m e n t s  the  inc idence  of t he  
t u m o u r  is reduced.  76~ a n d  58.8 % of t h e  y o u n g  Xenopus 
laevis which  received t he  f i l t r a t e  a f t e r  passage  t h r o u g h  
450 n m  fil ter,  a n d  in 53~ of those  in jec ted  w i t h  f i l t r a te  
o b t a i n e d  b y  us ing  t h e  220 n m  filter,  were cancerous .  The  

Table III. Incidence of the 'lymphoid tumour' in Xenopus laevis 
following injection of filtrates of cancerous tissue extracts 

Group Filtrates Autopsy No. of hosts Hosts 
(nm) in mean with tumour with 

days after Total No. tumour 
injection of hosts (%) 

a d u l t  an ima l s  develope  t he  t u m o u r  in  33% of t he  cases 
(compare  Tab les  I and  I I I ) .  

The  48 an ima l s  in j ec ted  w i t h  n o r m a l  t i ssue  e x t r a c t s  
wh ich  h a d  been  t r e a t e d  in c o m p a r a b l e  m a n n e r  do n o t  
show a n y  t u m o u r  lesions even  a f t e r  a n  i n t e r v a l  of 126-212 
days.  BALLS ~ observed  t he  a p p e a r a n c e  of t he  t u m o u r  in 
28% of an ima l s  a f t e r  in j ec t ion  of t h e  s u p e r n a t a n t  f luid 
fol lowing cen t r i f uga t i on  of t he  h o m o g e n a t e  of n o r m a l  
t i ssue  a t  10,000 • g and  he  sugges ted  a h i g h e r  suscep-  
t i b i l i t y  to  ' l y m p h o s a r c o m a '  d e v e l o p m e n t  of t he  hos t s  used. 

The  lack of a n  obv ious  s e d i m e n t a t i o n  of t he  t u r n o u t -  
i nduc ing  a g e n t  of Xenopus laevis even  b y  m e a n s  of v e r y  
h igh  speed cen t r i fuga t ions  (150,000 • g, 2 • 60 min)  is n o t  
in a g r e e m e n t  w i t h  the  size a n d  dens i ty  of a n i m a l  v i ruses  
so far  knowng.  

I n  conclusion,  cons ider ing  t he  resu l t s  of t he  e x p e r i m e n t s  
p re sen ted  in th i s  repor t ,  i t  can  be  s t a t e d  t h a t  t he  Xenopus 
laevis ' l y m p h o i d  t u m o u r '  is caused  b y  a subce l lu la r  agent ,  
b u t  i ts  v i r a l  n a t u r e  c a n n o t  be  p r o v e d  on  t he  bas is  of 
i n f o r m a t i o n  so far  ava i l ab le  (see also 3 a n d  10). 

Rdsumd. L a  ~ tumeur  lymphoide~> de Xenopus laevis est  
t r ansmis s ib l e  p a r  des f i l t r a t s  acel lulaires  a ins i  que  p a r  
in j ec t ion  des Surnagean t s  de c e n t r i f u g a t i o n  des ex t r a i t s  
de t issus  canc6reux  ~ des vi tesses  qu i  s 6 d i m e n t e n t  les 
v i rus  connus  j u squ '~  pr6sent .  

I. HADJI-AZlM111 

Station de Zoologic expdrimentale, Universitd de Gen~ve, 
C H- 7 22d Gen~ve (Switzerland), 30 January 7970. 

1 450 71 51167 76 
2 450 127 4/12 adults 33.3 
3 450 118 20/34 58.8 
4 220 65 and 102 18134 53 

9 C. A. KNIGHT, ill Protoplasmologia IV (Springer Verlag, Berlin 
1963), p. 13. 

10 I. HADJI-AZlMI, Experientia 26, 895 (1970). 
11 I wish to thank Professor M. FISCHBERG for his interest in this 

work and the facilities he provided. 

S o m e  Character is t ics  of the 'Lymphoid  T u m o u r '  

The  ' l y m p h o i d  t u m o u r '  of t he  a n u r a n  a m p h i b i a n  
Xenopus laevis 2 is t r ansmis s ib l e  b y  t i ssue  t r a n s p l a n t a -  
t i on  3-5 a n d  b y  inocu la t ion  ot cell-free ex t r ac t s  6, 7. I t  h a d  
b e e n  sugges ted  b y  t3ALLS 6 t h a t  th i s  t u m o u r  m i g h t  be  
caused  b y  a virus.  A n i m a l  v i ruses  can  be  classified 
accord ing  to  t h e i r  nucleic  acid type ,  t h e i r  s t ab i l i t y  or 
i n s t a b i l i t y  in  l ipid so lven ts  (e ther  or chloroform),  t h e i r  
acid s t ab i l i t y  or labi l i ty ,  a n d  t h e i r  h e a t  sens i t iv i ty  s. 

I n  th i s  r e p o r t  we p r e s e n t  t he  resu l t s  of e x p e r i m e n t s  
pe r fo rmed  on t h e  ' l y m p h o i d  t u m o u r '  e x t r a c t s  of Xenopus 
laevis to  t e s t  t h e i r  s ens i t i v i t y  to  t r e a t m e n t  w i t h  acid, 
e ther ,  ch loroform,  and  hea t .  W e  also t r y  to  d e t e r m i n e  

�9 w h e t h e r  or no t  t h e  a g e n t  respons ib le  for th i s  t u m o u r  can  
be  p laced  in to  one  or t h e  o t h e r  g roup  of a n i m a l  v i ruses  
as classified b y  HAMPARIAN et  al. s. 

Material and methods. T he  ' l y m p h o i d  t u m o u r '  used 
was of s p o n t a n e o u s  or igin and  h a d  been  t r a n s p l a n t e d  to  
a n u m b e r  of an ima l s  in  o rder  to  p roduce  a large a m o u n t  
of t u m o r a l  t issue.  T he  m e t h o d  for  p r e p a r a t i o n  of can-  
cerous t i ssue  e x t r a c t s  has  been  descr ibed  e lsewhereL I n  
each  e x p e r i m e n t  0.1 Inl of t h e  e x t r a c t s  was  in jec ted  in to  
the  dorsa l  l y m p h  sac of 2 - 5 - m o n t h - o l d  Xenopus laevis. 

Inducing Agent  of X e n o p u s  l aev i s  1 

These  were l a t e r  e x a m i n e d  to d e t e r m i n e  t he  inc idence  
of the  t u m o u r .  

Tests /or ether sensitivity. Group  1. Cancerous  t i ssue  
h o m o g e n a t e  was cen t r i fuged  for 20 ra in  a t  2000 X g and  
t he  s u p e r n a t a n t  f luid was mixed  w i t h  twice  i t s  vo lml le  
of e t h y l - e t h e r  a t  4~ Af te r  1 h t he  aqueous  p h a s e  was 
s epa ra t ed  b y  cen t r i f uga t i on  a t  2000 • g for 15 ra in  and  
in jec ted  in to  10 an imals .  G r o u p  2 a n d  3. Cancerous  
t i ssue  h o m o g e n a t e s  were cen t r i fuged  a t  10,000 x g 
(30 rain) a n d  130,000 • g (1 h) a n d  t he  2 s u p e r n a t a n t s  
were di lu ted,  b y  add i t i on  of e thy l -e the r ,  to  77% of t he i r  
or ig ina l  c o n c e n t r a t i o n L  These  m i x t u r e s  were s h a k e n  a t  
4~ for 24 h, t he  e the r  was  a l lowed to evapora t e ,  a f te r -  
wards  each  so lu t ion  was in jec ted  in to  a g roup  of 10 
animals .  

Tests /or chloro/orm sensitivity. Group  1. S u p e r n a t a n t  
f luid of a c e n t r i f u g a t i o n  of cancerous  t i ssue  h o m o g e n a t e  
a t  10,000 X g (30 rain) was  mixed  w i t h  1/5 of i ts  v o l u m e  
of ch lo roform a t  r o o m  t e m p e r a t u r e .  Af te r  30 ra in  t he  
ch lo ro fo rm was s epa ra t ed  b y  cen t r i f uga t i on  a t  2000 X g 
for 15 ra in  and  t he  aqueous  p h a s e  was in jec ted  in to  17 
animals .  Group  2. The  t u m o u r  e x t r a c t  was  passed  t h r o u g h  


