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Cell-Free Transmission of Lymphosarcoma in the 

The  occur rence  of l y m p h o s a r c o m a  ill t h e  n o r t h e r n  pike, 
Esox lucius L., in  I re land ,  and  the  h i s to logy  of t h e  t umour s ,  
h a v e  been  described1.  T u m o u r s  are s i ted  in m a n y  organs  
in t h e  b o d y  b u t  m o s t  o f ten  in t he  jaws.  Vira l  ae t io logy has  
been  sugges ted  ~. E lec t ron-mic roscop ic  e x a m i n a t i o n s  of 
some of t he  t u rnou t s  f rom I r i sh  p ike  h a v e  no t  revea led  
v i rus  par t ic les  a,4. However ,  2-stage serial  t r a n s m i s s i o n  of 
t he  l y m p h o s a r c o m a  has  now  been  achieved,  us ing  cell- 
free h o m o g e n a t e s  of t u m o u r  t issue, wh ich  suggests  t h a t  a 
v i rus  or m y c o p l a s m a  m a y  in fac t  be  involved .  

Tissue was t a k e n  i m m e d i a t e l y  a f t e r  d e a t h  f rom a j aw 
t m n o u r  of a 2 kg  female  p ike  w i t h  l y m p h o s a r c o m a  (C61). 
The  t i ssue  was homogen ized  1 : 1 w i t h  Dulbecco p h o s p h a t e -  
buf fe red  sal ine (Oxoid), f i l tered t h r o u g h  a 0.22 ~x Mill ipore 
a n d  in jec ted  i.p. i n to  2 h e a l t h y  a d u l t  pike, one male  (1P1) 
a n d  one female  (1P2). 1P1 died a f te r  55 days ;  macro-  
scopical ly  i t  was  normal ,  b u t  a de ta i led  e x a m i n a t i o n  
showed  t h a t  t h e  n o r m a l  s t r u c t u r a l  o rgan iza t ion  of one 
t h y m u s  g land  was d i s rup t ed  ~, t h o u g h  o the r  t i ssues  
e x a m i n e d  (jaw, liver,  spleen,  anter ior ,  mid-  and  h ind-  
k idney)  were normal .  1P2 deve loped  obvious  t u m o u r s  
a f t e r  178 days ;  i t  was ki l led a f t e r  208 days, a t  wh ich  s tage  
t u m o u r s  h a d  deve loped  in t h e  uppe r  jaw, t he  r i gh t  nasa l  
cav i ty ,  a n d  t he  dorsa l  b o d y  wall ;  and  all  o rgans  e x a m i n e d  
h is to logica l ly  showed  neoplas t ic  i n v o l v e m e n t  (lower jaw, 
t h y m u s ,  liver,  spleen, anter ior ,  mid-  a n d  pos te r io r  kidney) .  

H o m o g e n a t e s  of t h e  j aw  t u m o u r  a n d  k i d n e y  of 1P2 
were p r e p a r e d  as before  i m m e d i a t e l y  a f t e r  dea th ,  a n d  in-  
j ec ted  i.p. i n to  4 a d u l t  h e a l t h y  male  p ike  (1P4-1P7) .  2 of 
these  f ish died, one a f t e r  48 days,  one a f t e r  55 days ;  t he  
r e m a i n i n g  2 were killed, as t h e y  were m o r i b u n d ,  a f te r  55 
days.  These  4 in jec ted  p ike  did  no t  show macroscopic  
t umour s ,  b u t  h is to logical  e x a m i n a t i o n  of t he  t h y m u s  
glands,  u p p e r  a n d  lower  jaws, liver,  spleen, an t e r i o r  mid-  
a n d  pos te r ior  k idney,  sk in  and  dorsa l  muscle,  r evea led  in 
each  organ,  in  each  fish, neop las t i c  masses  a n d  ex tens ive  
i n f i l t r a t i on  and  t i ssue  r ep l acemen t ,  s imi la r  in a p p e a r a n c e  
to  s p o n t a n e o u s  l y m p h o s a r c o m a .  

I n  3 s epa ra t e  expe r imen t s ,  con t ro l  in jec t ions  were 
car r ied  out .  4 h e a l t h y  a d u l t  pike, 3 ma le  a n d  1 female,  
were in jec ted  i.p. w i t h  cell-free homogena te s ,  p r e p a r e d  as 
before,  b u t  of t i s sue  f rom 3 h e a l t h y  pike.  Cont ro l  I d ied 
a f t e r  21 days ;  Cont ro l  I I  was  kil led a f t e r  55 days ;  and  
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Cont ro ls  I I I  a n d  I V  were killed a f t e r  144 days.  N e i t h e r  
macroscopic  nor  microscopic  changes ,  neoplas t ic  or 
otherwise ,  were de tec ted  in a n y  of these  con t ro l  pike, 
t h o u g h  in each  case, de ta i led  his tological  e x a m i n a t i o n  was 
m a d e  of u p p e r  and  lower  jaws,  t h y m u s  glands,  liver,  3 re- 
gions of t he  k idney,  spleen a n d  dorsal  b o d y  wall.  

The  resu l t s  of these  e x p e r i m e n t s  sugges t  t h a t  a virus ,  or 
o rgan i sm of c o m p a r a b l e  size, m a y  be  t h e  aet iologicat  
agen t  of t he  p ike  l y m p h o s a r c o m a ,  since neoplas t ic  change  
was p roduced  in h e a l t h y  p ike  b y  in jec t ion  of t u m o u r  t i ssue  
b u t  no t  of n o r m a l  t issue, even  t h o u g h  t h e  homogen ized  
t i ssue  was f i rs t  f i l tered t h r o u g h  a 0.22 b~ Mill ipore to  ex- 
c lude e v e r y t h i n g  b u t  v i rus-s ized part ic les .  

Viruses  h a v e  been  associa ted  w i th  a n u m b e r  of f ish 
t u r n o u t s  ~, b u t  th i s  would  a p p e a r  to  be  t h e  f i rs t  r e p o r t  of 
t r a n s m i s s i o n  b y  cell-free f i l t ra tes  of a m a l i g n a n t  neop l a sm 
found  regula r ly  in  a n a t u r a l  f ish popu la t i on .  The  resul t s  of 
these  e x p e r i m e n t s  will be  r epo r t ed  in g rea te r  de ta i l  else- 
where.  F u r t h e r  work  to  cha rac te r i ze  t h e  neop l a sm and  to  
c lar i fy  t he  ae t io logy is in  progress  7. 

Zusammen[assung~ B e i m  H e c h t  Esox lucius L. liess s ich 
ein L y m p h o s a r k o m  d u r c h  zellfreie F i l t r a t e  i i be r t r agen  
u n d  d a m i t  die Virus-Aet io logie  nachweisen .  
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Lactate Dehydrogenase Virus Association with Transplantable Murine Tumors1 

Since f i rs t  descr ibed  b y  RILEY et  al. 2, t h e  l a c t a t e  
d e h y d r o g e n a s e  v i rus  (LDV) ha s  been  r epo r t ed  in associa- 
t i on  w i t h  more  t h a n  50 types  of t r a n s p l a n t a b l e  m u r i n e  
tumors .  P r i m a r y  neoplasms,  however ,  h a v e  usua l ly  been  
found  to  be  free f rom i t  a n d  ce r t a i n  t u m o r s  h a v e  been  
shown  to  c o n t a i n  t he  v i rus  in  one  l a b o r a t o r y  b u t  no t  in  
a n o t h e r  3. Thus ,  t h e r e  appea r s  to  be  l i t t l e  l ikel ihood of 
a n  et iologic r e l a t ionsh ip  to  t h e  neop las t i c  process.  

The  foregoing ev idence  to sugges t  t h a t  L D V  is no t  
i nvo lved  d i rec t ly  in t he  p r o d u c t i o n  of m u r i n e  neop lasms  
raises severa l  ques t ions  of possible  re levance.  A m o n g  
these,  one of t he  more  i m p o r t a n t  m a y  be  s t a t e d  as:  do 
t u m o r s  a c t i v a t e  t h e  v i rus  in car r ie r  mice or is i t  i n t r o d u c e d  
b y  acc iden ta l  c o n t a m i n a t i o n  d u r i n g  t r a n s p l a n t a t i o n  3-7 ? 
Th i s  p a p e r  will p r e sen t  resu l t s  in s u p p o r t  of t h e  fo rmer  
a l t e rna t ive .  

Materials and methods. Animals .  Male a n d  female  
C 3 H / F g  mice, a p p r o x i m a t e l y  3 m o n t h s  old, were used 
t h r o u g h o u t  t he  s tudy .  

P re tes t ing .  1 week  pr ior  to  t r e a t m e n t ,  b lood  was col- 
lected f rom each  a n i m a l  in hepa r in i zed  tubes .  The  speci- 
mens  were t h e n  cen t r i fuged  a t  1500 • g for 5 m i n  and  
ti le r esu l t ing  p l a s m a  samples  assayed  for l a c t a t e  d e h y d r o -  
genase  (LDH) a c t i v i t y  as descr ibed  p rev ious ly  s. W i t h o u t  
except ion ,  t he  e n z y m e  levels recorded  were those  of 
n o r m a l  mice (i.e., b e t w e e n  300 a n d  1200 U/ml) .  

Tumors .  F i b r o s a r c o m a s  were induced  b y  a single s.c. 
i n j ec t ion  of 0.125 m g  of m e t h y l c h o l a n t h r e n e  in 0.2 mt  
of sesame oil. 

T r a n s p l a n t a t i o n .  F re sh  t u m o r  spec imens  were homo-  
genized in a Ten  Broeck  gr inder  to  give a 10% cell 
suspens ion  in Eag le ' s  basa l  med ium.  E a c h  h o m o g e n a t e  
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w a s  t h e n  in jec ted  s.c. (0.2 m l / m o u s e )  in to  3 p r e t e s t e d  
an ima l s .  

L D V .  To d e t e r m i n e  t h e  p re sence  of L D V  in p r i m a r y  
a n d  t r a n s p l a n t e d  n e o p l a s m s ,  pieces  of t h e  t u m o r s  were  
r e m o v e d ,  weighed ,  a n d  h o m o g e n i z e d  (1 g of t i s sue :  9 m l  
of ice-cold Eag l e ' s  b a s a l  m e d i u m )  for  1 ra in  a t  8000 r p m  
in a Serva l l  Omni -Mixe r .  T h e  h o m o g e n a t e s  were  centr i -  
fuged  for  10 m i n  a t  10,000 • g (0~ a n d  t h e  supe r -  
n a t a n t s  p a s s e d  t h r o u g h  Mil l ipore f i l ters  of 220 n m  p o r e  
size. R o u t i n e l y ,  3 p r e t e s t e d  mice  rece ived  an  i.p. i n j ec t ion  
(0.1 m l / a n i m a l )  of each  f i l t ra te ,  bu t ,  in  s o m e  cases,  as  
m a n y  as 10 a n i m a l s  were  e m p l o y e d .  1, 3, a n d  5 weeks  

Table I. Tests for the lactate dehydrogenase virus in association 
with 14 primai-y tumors of mice 

Tumor ~ No. of Mean plasma lactate 
recipient dehydrogenase (U/ml) 
iniee b 

1 week 3 weeks 5 weeks 

MIT 1 3 900 - 900 

MIT 2 8 500 850 600 

MIT 3 3 900 750 550 

MIT 4 7 500 - 900 

MIT 5 4 650 900 850 

MIT 6 5 - 950 950 

MIT 7 3 850 850 700 

MIT 8 5 - 500 850 

MIT 9 5 750 550 600 

MIT 10 3 850 850 700 

MIT 11 3 850 800 800 

MIT 12 3 - 350 600 

MIT 13 3 650 650 850 

MIT 14 3 750 850 900 

MIT, methylcholanthrene-induced tumor, b Each animal 
an i.p. injection of 0.1 ml of cell-free tumor extract. 

la ter ,  b lood  w a s  o b t a i n e d  b y  tai l  b leed ing ;  p l a s m a  L D H  
ac t iv i t i es  were  m e a s u r e d  s p e c t r o p h o t o m e t r i c a l l y S .  

Results and discussion. As s h o w n  in Tab l e  I, n o n e  of  
t h e  m e t h y l c h o l a n t h r e n e - i n d u c e d  t u m o r s  (MIT  1 - M I T  14) 
t e s t e d  for  t h e  p re sence  of L D V  w a s  f o u n d  to  be  pos i t ive .  
Th i s  o b s e r v a t i o n  is c o n s i s t e n t  w i t h  t hose  of o t h e r  inves -  
t iga to rsS ;  i t  t h e r e f o r e  p r o v i d e s  f u r t h e r  ev idence  to  
ind ica te  t h a t  p r i m a r y  m u r i n e  n e o p l a s m s  r a re ly  c o n t a i n  
t h e  v i rus .  

Of t h e  7 t u m o r s  w h i c h  were  fo l lowed t h r o u g h  ser ia l  
p a s s a g e s :  a) 4 were  st i l l  n e g a t i v e  in t he  f i r s t  (MIT  6), 
4 th  ( M I T 7 ) ,  a n d  2nd ( M I T 1 0 ,  M I T 1 4 )  t r a n s p l a n t  
g e n e r a t i o n s ;  a n d  b) 3 (MIT  11, M I T  12, M I T  13) were  
pos i t i ve  a f t e r  t he  3rd, 10th, a n d  8 th  t r a n s p l a n t  genera -  
t i ons  r e spec t i ve ly  (Table  I I ) .  A d m i t t e d l y ,  t hese  r e su l t s  
could  be exp la ined  on  t h e  bas i s  of acc iden ta l  c o n t a m i n a -  
t ion.  H o w e v e r ,  in v i ew  of t h e  s t eps  w h i c h  were  t a k e n  
to m i n i m i z e  t h i s  poss ib i l i t y  (e.g., all a n i m a l s  were  p re -  
t e s t ed  for  t h e  v i r u s  a n d  s ter i le  p r o c e d u r e s  were  e m p l o y e d  
a t  all t imes) ,  a m o r e  l ikely i n t e r p r e t a t i o n  w o u l d  seem t o  
be  t h a t  L D V ,  p r e s e n t  in a l a t e n t  s t a t e  in s o m e  rec ip ien t  
mice,  w a s  a c t i v a t e d  b y  t h e  t u m o r s .  The rea f t e r ,  each  
t u m o r  s e r ve d  as a source  of in fec t ion  u p o n  t r a n s p l a n t a t i o n  
to  o t h e r  an ima l s .  

D u r i n g  t h e  p a s t  few years ,  t h e r e  h a v e  been  r e p o r t s  of  
t he  effects,  i nc lud ing  i m p a i r e d  e n z y m e  c lea rance  9 a n d  
a l t e red  i m m u n o l o g i c  r e s p o n s e  I~ w h i c h  L D V  m a y  h a v e  
on  the  hos t .  F u r t h e r ,  suf f ic ien t  ev idence  h a s  a c c u m u l a t e d  
to  sugge s t  t h a t  t he se  effects  can  also af fec t  t h e  in te r -  
p r e t a t i o n s  of e x p e r i m e n t s  w i t h  t r a n s p l a n t a b l e  m o u s e  
t u m o r s 3 ,  n .  I t  is, t hen ,  in t h i s  c o n n e c t i o n  t h a t  t h e  a b o v e  
r e su l t s  s e e m  of p a r t i c u l a r  s igni f icance  since t h e y  ind ica te  
t h a t  an  a c c u r a t e  a s s e s s m e n t  of t h e  p re sence  or  a b se nce  
of L D V  is n o t  poss ib le  un le s s  one t e s t s  s y s t e m a t i c a l l y  
each  t r a n s p l a n t  g e n e r a t i o n  of a g iven  m u r i n e  n e o p l a s m .  

Rdsumd. L ' a s s o c i a t i o n  du  v i r u s  l a c t a t e  d 6 h y d r o g 6 n a s e  
et  des t u m e u r s  d e  sour i s  t r a n s p l a n t a b l e s ,  s emb le  6tre  
a t t r i b u a b l e  5. u n e  a c t i v a t i o n  p l u t 6 t  q u ' ~  une  c o n t a m i n a -  
t i on  accidentel le .  Cet te  o b s e r v a t i o n ,  s o u t e n u e  p a r  de 

received r 6 c e n t e s  6 tudes  m o n t r a n t  que  le v i r u s  p e u t  a f fec te r  
l ' i n t e r p r 6 t a t i o n  des r6su l ta t s ,  fa i t  r e s s o r t i r  la n6cess i t6  
de v6ri f ier  c h a q u e  g6n6ra t ion  d ' u n  n 6 o p l a s m e  donn6.  

Table II. Tests for the lactate dehydrogenase virus in association 
with 7 transplantable tumors of mice 

Trails- No. of Mean plasma lactate 
plant recip- dehydrogenase (U/m1) 
genera- lent 
tion mice b 1 week 3 weeks 5 weeks 

Tumor �9 
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MIT 6 1 10 900 600 550 

NIT 7 1-4 35 600 600 800 

MIT 10 1-2 10 850 450 750 

MIT 11 1-3 9 850 650 700 
4 3 4400 4250 - 
5 3 2850 3900 - 

MIT 12 1-10 30 500 800 650 
11 3 3650 4400 4100 
12 3 3750 3300 - 

MIT 13 1-8 24 800 900 900 
9 3 2450 2900 - 

10 3 3800 4100 3300 

MIT 14 1-2 6 650 850 700 

MIT, methylcholanthrene-induced tumor, b Each animal received 
an i.p. injection of 0.1 ml of cell-free tumor extract. 
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