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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 .  
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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  
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a 450 n m  Millipore fil ter t h e n  mixed  wi th  twice its vo lume 
of chloroform a t  4~ Af te r  30 rain the  chloroform was 
separa ted  as in Group 1 and  the  aqueous  phase  in jec ted  
into 7 animals.  

Tests/or sensitivity at pH 3. The s u p e r n a t a n t  fluids, of 
a cancerous t issue homogena t e  cent r i fuged a t  10,000 • g 
(30 rain) and 130,000 • g (1 h) were acidified wi th  N/10 
hydrochlor ic  acid to  a p H  of 3 :k 0.1. Af ter  30 rain the  
p H  was raised to  7 . 1 •  0.1 wi th  N/10 N a O H  and the  2 
solut ions were t h e n  in jec ted  into 27 and  21 animals  
respect ively.  

Tests/or heat sensitivity. Group 1-3. The f i l t ra te  passed 
t h rough  a 450 nm Millipore fi l ter  and 2 s u p e r n a t a n t  fluids 
of cent r i fugat ions  of t umour  homogena te s  a t  10,000 • g 
and  130,000 • g were  hea ted  to  56~ in a w a t e r - b a t h  
for 30 rain. Af ter  cooling, the  solutions were in jec ted  
into 16, 21, and 16 animals  respect ively.  

Controls. In  each expe r imen t  of t he  4 di f ferent  tests ,  
samples  of the  cor responding  un t r ea t ed  ex t rac t s  were 
in jec ted  into a n u m b e r  of animals  (see controls  in the  
Table). 

Results and discussion. The results  of the  4 di f ferent  
tes ts  pe r fo rmed  on the  t u m o u r  ex t rac t s  are p resen ted  in 
the  Table.  The diagnosis of deve lopmen t  of t he  ' l ympho id  
tu rnout '  in t he  in jec ted  animals  was  based  on b o t h  
macroscopic  and  histological  examina t ion  of the  liver, 
spleen, and  k idneys  which  have  been  shown to be the  
f i rs t  th ree  organs to  exh ib i t  t umora l  lesions 9. 

In  t he  f i rs t  group of each series of e ther-  and chloro- 
fo rm- t r ea t ed  extracts ,  t he  t u m o u r  incidence in t he  
expe r imen ta l  animals  was no t  d i f ferent  f rom the  controls.  
This was p robab ly  due to t he  shor t  exposure  to, or an 
insuff icient  q u a n t i t y  of, the  solvents  used. However ,  in 

the  second and the  th i rd  groups of e ther - t rea ted ,  and  in 
the  second group of ch loroform- t rea ted  extracts ,  t he  
t u m o u r  incidence was clearly diminished.  

The in ject ion of the  ac id- t rea ted  t u m o u r  ex t r ac t  did 
no t  d iminish  the  incidence of the  t u mo u r  as compared  
wi th  controls.  In  b o t h  series the  animals  developed the  
t u m o u r  in 100% of the  cases. The in ject ion of hea t - t r ea t ed  
t u m o u r  ex t rac t s  did decrease s ignif icant ly  the  incidence 
of the  t u m o u r  in all 3 groups as compared  wi th  the i r  
controls.  

The results  p resen ted  in the  Table  lead to the  con- 
clusion t h a t  the  agent  of the  Xenopus laevis ' l ympho id  
tumour ' ,  in t issue extracts ,  is sensi t ive to  lipid solvents  
and  hea t  (56~ for 30 min) b u t  remains  s table  af ter  a 
30 rain t r e a t m e n t  wi th  p H  3. 

Following the  classification table  of tKA2CIPARIAN et al. 8 
for animal  viruses and  considering the  character is t ics  of 
the  agent  as p resen ted  in th is  repor t  (sensi t ivi ty  to  l ipid 
solvents  combined  wi th  acid stabil i ty) ,  it  is no t  possible 
to f ind a known group of D N A  or R N A  viruses in to  

~This investigation was supported by the Fonds National Suisse 
pour la Recherche Scientifique n ~ 4411. 

2 M. BALLS, Cancer Res. 22, 1142 (1962). 
3 M. BALLS, Cancer Res. 24, 44 (1964). 
4 I .  HADJI-AZIMI et M. FISCHBERG, Revue suisse Zoo !. 75, 706 (1968). 
5 I. HADJI-AZlMI and M. FISCHBERG, in preparation. 
6 M. BALLS, Ann. N.Y. Acad. Sci. 726, 256 (1965). 

I. HADJI-AZlMI, Experientia 26, 894 (1970). 
8 V. V. HAMPARIAN, IV[. R, I-IILLEMAN and A. KETLER, Proc. Soc. 
exp. Biol. Med. 172, 1040 (1963). 

9 I .  HADJI-AZIMI et M. FISCHBERG, in preparation. 

Sensitivity of the 'lymphoid tumour' agent of Xenopus to different physico-chemical tests 

Treatment Group Tumoral extracts Autopsy 
(time) in mean 

days after 
injection 

No. of hosts Total No. 
with tumour of hosts 

Hosts with tumour 
(%) 

Experi- Controls Experi- Control 
mental mental 

Ether 1 h 1 2000 • g (20 min) 136 
supernatant 

24 h 2 10,000 X g (30 min) 44 
supernatant 

24 h 3 130,000 • g (1 h) 46 
supernatant 

Total 

Chloroform 30 min 1 10,000 • g (30 min) 123 
supernatant 

30 mill 2 Filtrate 450 nm 146 
(Millipore) 

Total 

pH 3 ~: 0.1 30 min 1 10,000 • g (30 min) 45 
supernatant 

30 nfin 2 130,000 • g (1 h) 46 
supernatant 

Total 

Heat (56~ 30 min 1 .Filtrate 450 nm 89 
(Millipore) 

30 min 2 10,000 • g (30 rain) 47 
supernatant 

30 min 3 130,000 • g (1 h) 47 
supernatant 

Total 

8[10 7/10 80 70 

1/10 7/7 10 100 

2/10 7/7 20 100 

11/30 21/24 30.6 87.5 

7117 5/11 41 45 

317 10/11 43 91 

10/24 15/22 41 68 

27/27 7/7 100 100 

21121 7/7 100 100 

48/48 14/14 100 100 

1/16 16/19 6.3 84.2 

6/21 13/13 28.5 100 

2/16 717 12.5 100 

9/53 36]39 17 92.3 
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which the Xenopus laevis ' l ymphoid  tumour '  agent  could 
be fi t ted.  

In  addit ion,  our a t t emp t s  to demons t ra te  the presence 
of 'viral  part icles '  in t u m o u r  ceils by  electron microscopy 9 
and the  search for a 'v i ra l  agent '  in the ext rac ts  prepared 
f rom the  affected tissues and submi t ted  to different  
methods  of f ract ionat ion (unpublished data) have  so far 
been unsuccessful. 

The  results ment ioned  above  are not  in comple~ce 
agreement  wi th  the  observat ions  on this turnout  agent  
made  by  BALLS and RUBEN ~~ While  our unsuccessful 
search for viral  part icles does not  suggest a viral  origin 
of this tumour ,  BALLS and I{UBEN 1~ have  advanced  
a possible viral  et iology most ly  based on their  experi-  
ments  wi th  u l t racent r i fugat ion  and fi l trations.  More 
exper iments  ought  to clar ify the  na ture  of the  agent  and 
the  et iology of the  ' lymphoid  turnout '  of Xenopus laevis. 

Rdsumd. L' infect iv i t6  des ext ra i t s  tissulaires de la 
((tumeur lymphoide}> de Xenopus laevis diminue apr6s 
t r a i t emen t  s l '6ther, au chloroforme, et ~ la t emp6ra ture  
de 56 ~ tandis  qu 'e l le  reste inchang6e aprbs t r a i t emen t  
a.u p H  acide. Ces caract6rist iques ne pe rme t t en t  pas de 
placer l ' agen t  tumora l  parmi  les virus des an imaux  
connus 5~ l 'heure  actuelle. 
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~ n d e r u n g  der W a c h s t u m s k i n e t i k  yon E h r l i c h - A s z i t e s t u m o r e n  verschiedener  Ploidie  nach R6ntgen-  
Bes trahlung  

Der diploide (EATa,~.)  beziehungsweise hyperdiploide 
(ELD) und der hyper te t rap lo ide  (ELT) Ehrl ich-Aszi tes tu-  
mo t  zeigen ein unterschiedliches Wachs tumsverha l t en  ~, 2 
Dart iber  hinaus wurde festgestellt ,  class sich der Genera- 
t ionszyklus des EATa,p~. und E L T  nach Gabe yon Cyclo- 
phosphamid  (100 mg/kg) in verschiedenem Masse ver- 
/tndert 3. In  der vor l iegenden Arbei t  wurde untersucht ,  
ob bei diesen verschieden-ploiden Tumorze l l s t~mmen 
auch Unterschiede in der Beeinflussung des Generat ions-  
zyklus und seiner Teilphasen nach R6ntgen-Bes t rah lung  
nachweisbar  sind. 

Untersuchungsgut und Methodik. M~nnlichen N M R I -  
M~usen ( Inst i tu t  ffir Versuchst ierzucht  H a n n o v e r ;  
23-25 g; Brovo-Versuchst ierfut ter)  wurden ca. 18•  10 e 
Zellen des EATai~z. beziehungsweise E L T  i.p. inokuliert .  
Am 5. Tag nach Inokula t ion  wurde eine R6ntgen-  
Bes t rahlung der Tumor-M~Luse durchgeffihrt  (500R,  
110 R/rain,  200 kV, 10 mA, 0,5 m m  Cu; R6hreneigenfi l-  
t e rung  0,1 m m  Cu; 3 c m  Glastubus, F H A  25 cm;  rein 
abdominales  Bestrahlungsfeld,  Siemens Stabil ipyan).  24 h 
nach R6ntgen-Bes t rah lung  (R6) w u r d e  die H/iufigkei t  
der abs terbenden beziehungsweise nekrot ischen Zellen 
(Nekroseindex) dutch  Lissamin-Green-F/ i rbung nach 
HOLMBERG * ermit te l t .  Der  Generat ionszyklus  der EATa~p~. 
beziehungsweise ELT-Zel len  wurde durch das Doppel-  
markierungsverfahrenS,  6 (DMV) und nach der %-mar-  
kierte-Mitosen-MethodeV (%-MM-Methode) analysier t  
(N/iheres zur Methodik  siehe bei2). 

~ 62 EATai~.-M/iuse und 60 E L T -  
M~use erhiel ten am 5. Tag nach Inokula t ion  und 1 h 
nach 1R6 einmalig Thymidin-Methyl -~H i.p. (50~xCi; 
2,0 Ci/mmol,  N E N  Corp. USA).  T6 tung  der  Tiere in 
gestaffel ten Zei t in terval len (2-44 h) nach ~H-TdR- 
Injekt ion.  Bes t immung  des Prozentsatzes  der mark ie r ten  
Mitosen auf yon Aszi tesausstr ichen hergestel l ten Auto-  
rad iogrammen (ARG) mi t  K2-Emuls ion  (Ilford, London;  
Expos i t ion  8 Tage). 

Doppelmarkierungsver/ahren. 7 mi t  EATai~ .  und 11 
mi t  E L T  beimpf te  M~use erhiel ten am 5. Tag nach 
Inokula t ion  und 4 h nach R6 eine erste i .p . - In jekt ion  
von  Thymidin-2-14C (10 tzCi; 30 mCi/mmol ,  N E N  Corp. 
USA) und 1 h sparer  eine zweite i .p . - Injekt ion von  Thy-  
midin-Methyl-aH (100 ~xCi; 2,0 Ci/mmol).  Auf den yon 

Aszitesausstr ichen hergestel l ten A R G  (GS-Emulsion, 
Ilford, London;  Expos i t ion  2-5 Tage) wurde das Ver- 
h~ltnis aller 14C-markierten Kerne (mit  und ohne 3H) zu 
den rein 3H-markier ten Kernen  und der 3H-Markierungs- 
index (3H:I) bes t immt.  Aus dem H~ufigkei tsverh~l tnis  
der unterschiedl ich mark ie r ten  Kerne ( =  v) und dem 
aH-I wurden  die DNS-Syn theseze i t  (T~) und die Genera- 
t ionszei t  (To) berechnet ,  nachdem G2 + M ( ~  pr/ imitot i-  
sche Ruhephase  +Mi tosedauer )  durch die %-MM- 
Methode bes t immt  worden war  (Berechnungsverfahren 
siehe bei 2). 

3H-TdR-Dauermarkierung. An je 4 mi t  EATa,~z. be- 
ziehungsweise E L T  be impf ten  M~usen (5. Tag nach 
Inokulat ion,  2 h nach R6) wurden Dauermarkierungs-  
versuche mi t  wiederhol ter  Gabe yon 3 t t -TdR (i.p.- 
In jekt ion  yon je 40 ~zC pro Maus; 2,0 Ci/mmol) durch-  
geffihrt. Die einzelnen In jek t ionen  erfolgten im Zeit- 
abs tand von 8 h fiber eine Versuchsdauer  yon 32h.  
Bes t immung  des Prozentsatzes  der mark ie r ten  Tumor-  
zellen auf K2-ARG.  

Tumorzellziihlung. 72 h nach R6 wurde ffir den EATa,~ .  
und den E L T  die Gesamtzel lzahl  des Tumoraszi tes  
bes t immt  und mi t  den Wer ten  ffir den unbes t rah l ten  
Tumor  verglichen. 

Ergebnisse. Tabelle  1, b, enth/i l t  die wesentl ichen Er-  
gebnisse. Es  fand sich 24 h nach R6 fiir die E A T a ~ . -  
Zellen ein Nekroseindex (LG-Index) yon 12%, ffir die 
ELT-Zel len  yon 35%. Der  Generat ionszyklus  der  beiden 
Tumorzellst~tmme zeigte unterschiedl iche Ver~tnderungen : 
Beim EATaipl. war  die DNS-Syn theseze i t  % nach R6 
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